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INTRODUCTION 


Present  theory  of  the  ionosphere  goes  back  for  its 
inception  to  the  work  of  Gauss  [1],  Stewart  [2],  Schuster 
[3],  Lorentz  [4],  Kennelly  [5],  Heaviside  [6],  and  others 
who,  in  order  to  explain  variations  in  the  Earth's  mag- 
netic field,  and  later  the  propagation  of  electromagnetic 
waves  around  the  curvature  of  the  Earth,  postulated  the 
existence  of  a  conducting  layer  in  the  atmosphere  of  the 
Earth. 

Interest  of  the  Department  of  Terrestrial  Magnetism 
of  the  Carnegie  Institution  of  Washington  in  the  electri- 
cal condition  of  the  atmosphere  goes  back  to  the  time  of 
creation  of  this  Department.    Early  work  was  directed 
along  lines  directly  related  to  explanation  of  terrestrial 
magnetic  and  electric  variations  as  measured  at  the 
Earth's  surface.    Study  of  the  ionosphere  as  a  separate 
field  of  investigation  came  later. 

Advancement  in  knowledge  of  the  ionosphere  may 
conveniently  be  divided  into  two  epochs,  the  first  includ- 
ing the  years  from  1838  to  1925.   During  this  epoch  the 
existence  of  a  conducting  layer  in  the  Earth's  atmos- 
phere was  postulated  and  was  the  subject  of  much  spec- 
ulation.   The  second  epoch,  from  1925  to  the  present,  is 
sharply  divided  from  the  first  by  experimental  proof  of 
the  existence  of  the  conducting  layers  postulated  in  the 
first  epoch.    The  first  experimental  proof  was  furnished 
by  Breit  and  Tuve  [7]  of  the  Carnegie  Institution  of 
Washington  and  independently  by  Appleton  and  Barnett 
[8]  in  England  in  the  same  year.    The  techniques  em- 
ployed by  these  two  groups  of  investigators  were  differ- 
ent, and  the  pulse -retardation  system  devised  by  Breit 
and  Tuve  [7]  has  been  adopted  in  recent  years  by  most 
investigators,  particularly  for  explorations  in  the  fre- 
quency spectrum  above  500  kc/sec. 

The  early  investigators  proved  that  a  conducting  re- 
gion capable  of  causing  electromagnetic  waves  at  radio 
frequencies  to  be  returned  to  Earth  existed  in  the  atmos- 
phere.   The  original  equipment  was  necessarily  crude 
and  of  course  not  capable  of  continuous  recording  or  of 
rapid  change  of  operating  frequency.    In  the  years  which 
followed,  many  laboratories  provided  themselves  with 
tools  for  ionospheric  studies,  and  physicists  became  in- 
creasingly interested  in  the  problems  revealed  by  these 
studies.   As  better  equipment  was  evolved,  a  coherent 
picture  of  the  ionosphere  gradually  took  form.       The 
growth  of  knowledge  in  this  field  brought  about  a  rea- 
sonably good  understanding  of  various  basic  considera- 
tions and  a  reasonably  complete  picture  of  ionospheric 
structure  over  restricted  geographical  areas. 

As  late  as  1940  (15  years  after  the  original  work), 
very  large  regions  still  existed  where  no  observations 
had  ever  been  made,  and  there  were  other  large  areas 
where  measurements  had  been  carried  out  only  for  brief 
periods  by  various  expeditionary  groups.   Among  the 
areas  little  explored  were  the  North  and  South  Polar 
Regions. 

Interest  of  investigators  of  the  ionosphere  in  the 
polar  regions  arose  at  that  time  from  a  number  of  cir- 
cumstances.  First,  the  more  generally  accepted  theories 
of  magnetic  disturbances  postulated  the  flow  of  large 
electric  currents  in  the  ionosphere  across  the  polar 


regions  during  certain  types  of  magnetic  storms.    Sec- 
ond, it  was  well  known  that  radio  transmissions  over 
paths  passing  near  the  auroral  zone  suffered  more  in- 
tense and  frequent  disturbance  than  paths  at  other  lati- 
tudes, and  most  of  the  important  direct  radio -transmis- 
sion paths  were  in  this  region.    Third,  auroral  and  mag- 
netic activity  were  much  more  frequent  and  intense  in 
the  polar  regions.    Fourth,  the  data  of  radio  transmis- 
sion, together  with  the  direct  observations  of  the  iono- 
sphere in  the  1933  International  Polar  Year,  encouraged 
the  belief  that  ion-density  of  the  F -region  of  the  iono- 
sphere must  be  higher  than  that  expected  from  available 
ultraviolet  light  of  the  Sun  and  that  it  was  supported  at 
surprisingly  high  densities  during  the  polar  night.  These 
were  the  principal  reasons  why  observations  in  the  polar 
regions  were  of  particular  interest.    They  were  support- 
ed by  other  factors  largely  related  to  experimental  test 
of  hypotheses  which  had  been  proposed. 

The  work  of  the  1933  International  Polar  Year  had 
stimulated  interest  in  the  geophysics  of  the  polar  re- 
gions.  At  that  time,  a  magnetic  observatory  had  been 
established  at  the  University  of  Alaska  by  the  United 
States  Coast  and  Geodetic  Survey  and  an  atmospheric - 
electric  observatory  by  the  Department  of  Terrestrial 
Magnetism,  and  observations  of  the  ionosphere  and  of 
the  aurora  were  made  by  the  University  with  equipment 
supplied  by  the  Department  and  others.   Ionospheric 
equipment  was  as  yet  relatively  undeveloped,  and  ob- 
servations were  sketchy  but  nevertheless  suggestive  of 
the  importance  of  data  from  a  complete  ionospheric 
program. 

As  a  consequence,  it  was  planned  by  the  Department 
over  several  years  preceding  1940  that  a  complete  polar 
observatory  would  be  operated  in  the  auroral  zone  for  a 
period  of  at  least  one  year  as  soon  as  equipment  and  re- 
sources were  available.    This  became  possible  in  1939 
when  a  set  of  automatic  multifrequency  ionospheric 
equipment  was  completed,  identical  in  design  and  con- 
struction with  the  two  sets  of  apparatus  which  had  been 
installed  at  the  Huancayo  and  Watheroo  Observatories  of 
the  Department  in  1937  and  1938,  respectively. 

The  close  relations  established  between  the  Univer- 
sity of  Alaska  and  the  Department  during  the  Interna- 
tional Polar  Year  in  1933,  and  the  cordial  invitation  of 
the  University  for  renewal  of  the  co-operative  observ- 
ing program  in  1940,  made  College,  Alaska,  the  logical 
choice  of  locale.    The  College  Observatory  program  was 
initially  planned  by  Dr.  John  A.  Fleming,  Director  of  the 
Department  of  Terrestrial  Magnetism,  and  L.  V.  Berk- 
ner,  chief  of  the  ionosphere  section,  in  collaboration 
with  President  Charles  Bunnell  of  the  University  of 
Alaska,  to  provide  for  magnetic,  ionosphere,  and  auroral 
observations.    The  trustees  of  the  Carnegie  Institution  of 
Washington  generously  provided  funds  with  which  suitable 
instruments  for  these  observations  were  installed  and 
operated  during  the  initial  years. 

As  the  plans  for  the  observatory  culminated,  it  be- 
came apparent  that  the  station  would  be  well  located  for 
other  important  observations  of  radio  transmissions. 
In  early  1941,  with  support  of  the  government,  it  was 
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decided  to  add  field-intensity  recording  to  the  program. 
Subsequently,  research  on  direction-finder  errors  was 
undertaken  by  the  observatory. 

Instrumental  equipment  already  on  hand  at  the  De- 
partment was  turned  over  to  this  project,  and  various 
staff  members  were  assigned  to  the  work.    Over -all 
planning  for  the  expedition  was  carried  out  by  L.  V. 
Berkner  and  S.  L.  Seaton  of  the  staff;  they  were  joined 
by  H.  W.  Wells  after  his  return  to  Washington  from 
Peru.    In  subsequent  years  Mr.  Wells  carried  the  major 
part  of  the  responsibility  for  planning  and  co-ordination 
at  Washington. 

Every  assistance  was  given  by  Dr.  Bunnell  and  the 
faculty  both  in  planning  the  installation  at  the  University 
and  throughout  the  program  of  observation.    Rooms  in 
the  Eielson  Memorial  Building,  as  well  as  office  space, 
were  provided,  and  during  the  entire  period  from  1941 


to  1946  two  laboratories,  a  darkroom,  and  two  offices 
were  continuously  available.   In  addition,  the  University 
made  available  buildings  on  the  campus  which  had  been 
used  during  the  polar  year  program  for  magnetic  work; 
these  were  located  approximately  100  yards  from  the 
nearest  University  building.    Members  of  the  ionospher- 
ic group  also  had  access  to  the  shop  and  laboratories  of 
the  University  and  had  the  privilege  of  consultation  with 
the  faculty.    The  University  made  available  to  several 
members  of  the  ionospheric  group  living  quarters  and 
various  services  and  accommodations  at  nominal  cost. 
During  the  summer  months,  and  occasionally  during  the 
winter,  members  of  the  University  faculty  were  employ- 
ed in  the  ionospheric  work.    There  was  throughout  the 
most  cordial  spirit  of  co-operation  between  the  Univer- 
sity and  the  Department. 


DESCRIPTION    OF    SITE    AND    BUILDINGS 


The  College  Observatory,  College,  Alaska,  lies  three 
miles  westward  of  Fairbanks,  Alaska  (see  Figure  1),  in 
latitude  64°  51'.4  north  and  longitude  147°  49'.3  west,  at 
the  terminus  of  the  Alaska  Railroad  from  Seward,  of  the 
Richardson  Highway  from  Valdez,  and  more  recently  of 
the  Alcan  Highway  from  the  United  States,  and  of  the 
Steece  Highway  extending  northward  to  Circle  City,  near 


the  Arctic  Circle.    It  is,  therefore,  the  most  northerly 
point  easily  accessible  on  the  continent.    The  observa- 
tory is  practically  in  the  center  of  the  zones  of  the  most 
frequent  auroral  activity.    The  observatory  site  is  on  a 
gently  sloping  hillside  at  the  University  overlooking  the 
80-mile-wide  flat  valley  of  the  Tanana  River.   Across 
the  valley  to  the  southwest,  Mount  McKinley  (20,463  ft.) 


Table  1.    Observatory  staff  at  College,  Alaska,  April,  1941,  to  June  30,  1946 


Year 


Observer -in-charge 


Associates  and  aides 


1941 


1942 


1943 


1944 


1945 


1946 


L.  V.  Berkner,  Apr.  14-Aug.  12 
E.  H.  Bramhall,  from  Aug.  12 


E.  H.  Bramhall 


E.  H.  Bramhall,  to  Apr.  30 
S.  L.  Seaton,  from  May  1 


S.  L.  Seaton 


S.  L.  Seaton 


S.  L.  Seaton 


S.  L.  Seaton,  from  Apr.  14;  E.  H.  Bramhall, 
May  1-Aug.  12;  H.  Caulk,  May  1-Sep.  15; 
R.  M.  Ohlsen,  from  May  1;  P.  St.  Amand, 
from  May  1;  Ernest  Wolff,  from  May  1. 

S.  L.  Seaton;  R.  M.  Ohlsen;  P.  St.  Amand,  to 
May  1;  Ernest  Wolff;  Mary  Bramhall,  from 
May  1;  Louis  Giddings,  June-Sep. 

S.  L.  Seaton,  to  Apr.  30;  R.  M.  Ohlsen;  Ernest 
Wolff;  Mary  Bramhall,  to  Apr.  30;  C.  W. 
Malich,  from  May  15;  V.  J.  Moder,  from 
Aug.  1;  A.  P.  Stansbury,  from  Oct.  1;  L.  J. 
Halpin,  from  Nov.  15;  J.  J.  Kowakak,  Jr., 
from  Nov.  24. 

R.  M.  Ohlsen,  to  June  30;  Ernest  Wolff;  C.  W. 
Malich;  V.  J.  Moder;  to  Nov.  30;  A.  P. 
Stansbury;  L.  J.  Halpin;  J.  J.  Kowakak,  Jr.; 

D.  C.  Wilder,  from  June  15. 

Ernest  Wolff;  C.  W.  Malich,  to  Oct.  22;  A.  P. 
Stansbury,  to  Apr.  4;  L.  J.  Halpin,  to  Apr.  4; 
J.  J.  Kowakak,  Jr.;  D.  C.  Wilder;  P.  J.  Bliss, 
May  22-Sep.  15;  W.  R.  Cashen,  from  Nov.  1; 

E.  F.  George,  May  16-Aug.  31;  Ruby  M. 
Green,  Jan.  15-Aug.  31;  W.  H.  Rolfe,  from 
Sep.  24;  W.  Schmieder,  from  May  1;  J.  M. 
Waldon,  Oct.  8-Dec.  15;  S.  S.  West,  from 
Oct.  22;  M.  Znamenacek,  from  Dec.  8. 

Ernest  Wolff;  J.  J.  Kowakak,  Jr.,  to  Apr.  12; 
D.  C.  Wilder;  W.  R.  Cashen,  to  Apr.  30; 
W.  H.  Rolfe;  W.  Schmieder,  to  June  17; 
S.  S.  West;  M.  Znamenacek,  to  Mar.  5; 
B.  J.  Atkinson,  from  Mar.  15;  P.  St.  Amand, 
from  Apr.  1. 


SITE   AND   BUILDINGS 


is  visible  135  miles  away,  while  nearer,  but  none  nearer 
than  80  miles,  are  Mount  Hayes,  Mount  Deborah,  the 
Cathedral  Peaks  and  others  of  the  Alaska  Range  rising 
above  15,000  ft.    Esther  Dome  rises  to  about  1,500  ft.  a 
few  miles  to  the  west,  and  there  are  no  higher  hills  in 
the  vicinity  of  the  observatory. 

The  Eielson  Memorial  Building  seen  in  Figure  2  is 
a  permanent  reinforced  concrete  structure.    Figure  3 
shows  arrangement  of  buildings  on  the  University  cam- 
pus, and  Figure  4  shows  location  and  arrangement  of 
antennas  and  supplementary  instruments.    The  iono- 
spheric laboratory  and  darkroom  were  on  the  lower 
floor  of  the  Eielson  Building.   Across  the  hall  were  the 
constant-temperature  room  containing  signal-intensity 
recorders  and  the  fluxmeters,  a  room  containing  seis- 
mographs (operated  in  co-operation  with  the  United 
States  Coast  and  Geodetic  Survey  and  the  University), 
and  a  general  stockroom.   On  the  second  floor  two  con- 
necting offices  were  located  directly  above  the  labora- 
tories.  As  indicated  in  Figure  4,  magnetic  variometers 
and  absolute  instruments  were  installed  in  separate 
buildings  to  the  west  of  the  Eielson  Building.   These 
buildings  were  well -insulated  wooden  structures  origi- 
nally used  during  the  International  Polar  Year.   Both  of 


these  buildings  were  electrically  heated,  and  the  mag- 
netic variation  building  was  held  at  constant  temperature 
of  10°  C  by  means  of  thermostatic  controls.   Originally 
the  auroral  camera  shelter  was  located  as  indicated, 
but  it  was  later  moved  to  the  west  of  the  absolute  mag- 
netic building  to  avoid  local  illumination,  troublesome  at 
the  original  site. 

The  remaining  supplementary  instrument,  a  Navy- 
type  DAB -3  radio  direction  finder,  was  installed  about 
one -half  mile  north  of  the  main  group  of  University 
buildings  in  a  frame  structure  supplied  by  United  States 
Army  Engineers.   This  building  was  also  electrically 
heated  by  means  of  a  12  KW  fan -type  unit  blowing  up 
from  the  basement  through  a  grillwork  around  the  instru- 
ment. 


Pe  rsonnel 

The  names  of  observers-in-charge  and  personnel 
who  Assisted  during  the  period  from  April,  1941,  to 
June  30,  1946,  while  the  Department  of  Terrestrial  Mag- 
netism conducted  the  ionospheric  work  at  College,  are 
given  in  Table  1 . 


DESCRIPTION   OF   INSTRUMENTS   AND   INSTRUMENTAL    PROCEDURES 


Since  the  present  volume  is  concerned  principally 
with  ionospheric  research,  attention  will  be  directed 
mainly  to  the  instruments  for  this  purpose.   However, 
brief  descriptions  will  be  given  of  supplementary  equip- 
ment. 

The  automatic,  continuously  recording,  multifre- 
quency  ionospheric  equipment  used  throughout  the  inter- 
val covered  by  this  volume  is  identical  to  that  installed 
at  the  Huancayo,  Peru,  and  Watheroo,  Western  Australia, 
observatories  of  the  Department  of  Terrestrial  Magnet- 
ism in  1937  and  1938,  respectively.   The  equipment  was 
developed  at  the  Department  by  Berkner,  Wells,  and 
Seaton  [9],  and  the  unit  used  at  College  was  operated  at 
the  Kensington  Laboratory  of  the  Department  near  Wash- 
ington,  for  about  a  year  prior  to  its  installation  in  Alaska. 
The  apparatus  provides  transmission  through  much  of 
the  useful  radio  spectrum  and  possesses  the  following 
characteristics:    (1)  ability  to  record  successfully  with- 
out interference  to  or  from  existing  radio  services;  (2) 
relatively  uniform  vertical  radiation  throughout  the  fre- 
quency range;  (3)  automatic  interlocking  of  transmitter- 
and  receiver-tuning;  (4)  mechanical  simplicity;  (5)  unit- 
form  limits  of  precision  and  resolution.   Each  of  these 
factors  inherently  involves  certain  features  of  the  others; 
a  successful  equipment  must  depend  upon  a  series  of 
compromises.   The  design  of  the  equipment  requires  an 
understanding  of  these  factors  and  the  utilization  of 
methods  and  devices  which  permit  the  most  satisfactory 
compromise. 


General    Description 

The  equipment  consists  of  a  radio  transmitter  and 
receiver  located  together,  both  utilizing  the  same  anten- 
na system  and  tuned  circuits,  and  a  suitable  recorder. 
The  method  is  fundamentally  that  of  Breit  and  Tuve  [7] 
wherein  a  radio -frequency  pulse  of  short  duration  is 
transmitted  and  the  time -retardation  of  the  reflections 


is  recorded.   The  transmission-frequency  is  changed 
continuously  so  that  a  complete  sweep  through  a  fre- 
quency range  from  16.0  to  0.516  mc/sec  is  repeated 
every  few  minutes,  providing  a  continual  record  of  the 
constants  of  all  regions  of  the  ionosphere.   A  general 
view  of  the  complete  equipment  is  shown  in  Figure  5. 

The  basic  arrangement  of  the  components  is  shown 
in  Figure  6,  which  is  a  block-diagram  showing  the  con- 
nections of  the  various  units.  This  arrangement  permits 
transmitter  and  receiver  to  be  locked  precisely  in  tune 
at  all  frequencies.  A  single  variable  oscillator  serves 
for  both  the  transmitter  and  the  receiver,  as  suggested 
byGilliland[10]. 

In  describing  the  operation,  let  fi  be  the  frequency  to 
which  the  intermediate -frequency  amplifier  is  tuned  and 
let  fy  be  the  variable  frequency  radiated  and  received  at 
the  antenna.   Then  the  variable-frequency  oscillator  (VO) 
will  operate  at  a  frequency 


fVo  =  fv  +  fI     or    fVO  =  *v  "  fI 


(1) 


This  oscillator  excites  the  suppressor  grids  of  the  fully 
balanced,  Class  B  modulator  (M).   The  control  grids  of 
this  modulator  are  excited  by  the  intermediate-frequency 
oscillator  (I),  which  has  a  fixed  tuning,  and  operates  at  a 
frequency  of  f j  which  is  identical  to  the  frequency  to 
which  the  intermediate  amplifier  is  tuned.   The  output  of 
the  fully  balanced  modulator  contains  only  the  two  side- 
band frequencies  which  are 


xVO 


+  fr     and    f 


VO 


(2) 


The  frequencies  fyo  and  fj  are  completely  suppressed  by 
the  fully  balanced  modulator. 

The  frequencies  in  the  output-circuit  of  the  modulator 
will  then  be,  from  equations  (1)  and  (2) 


fMl  -  *VO  +  fI  =  *v  +  fI  +  fI  ■  fv  +  2*1 
{M2  =  fVO  "  fI  "  fv  +  fI  "  fI  =  fv 


(3) 
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These  two  side  bands  fj^j  and  f^2  are  therefore  sepa- 
rated by  an  amount  2fj.   The  intermediate  frequency  fi 
is  approximately  500  kc  so  that  the  separation  of  the  two 
side  bands  is  about  1000  kc.   The  side  band  f^jj  is  read- 
ily suppressed  in  the  tuned-tank-circuit  of  the  modulator 
which  has  a  variable  tuning  and  is  adjusted  to  pass  only 
frequency  fj^2  =  *v  to  the  power  amplifier. 

The  first  detector,  which  is  also  a  fully  balanced 
modulator,  is  arranged  so  that  it  will  pass  no  energy 
when  the  power  amplifier  is  excited,  recovering  in  about 
10-4  second  after  the  excitation  is  stopped.    These  are 
tubes  of  the  transmitter  type  with  the  requisite  grid- 
insulation  and  construction  to  withstand  transmitter  volt- 
ages.  The  power-amplifier  tank  is  tuned  to  frequency  fv 
and  forms  a  tuned  circuit  for  both  the  transmitter -output 
and  the  receiver-input. 

The  received  signal  is  also  of  frequency  identically 
fy  and  is  applied  to  the  control  grids  of  the  first  detector. 
The  second  grids  of  these  tubes  are  excited  from  the 
variable -frequency  oscillator  (VO)  which  also  excites 
the  modulator.   Its  output  will  therefore  contain  the  fre- 
quency 


*VO 


-fv=fv  +  fI 


fv=fI 


(4) 


This  is  the  intermediate  frequency  which  is  amplified  in 
the  usual  manner  by  the  intermediate  -frequency  ampli- 
fier.  Inasmuch  as  all  of  the  reflections  which  are  re- 
corded are  received  within  12  milliseconds  after  the 
transmitted  pulse,  the  detuning  effect  in  this  time  due  to 
the  changing  frequency  of  oscillator  (VO)  is  not  serious. 
This  factor  does,  however,  limit  the  rate  of  sweep  of 
frequency  over  the  band,  as  is  shown  later. 

To  maintain  the  receiver  and  transmitter  in  tune,  the 
only  condition  imposed  is  that  the  fixed-frequency  oscil- 
lator fj  be  tuned  to  the  intermediate -frequency  amplifier, 
a  condition  easy  to  fulfill. 

The  intermediate -frequency  oscillator  is  "pulsed" 
through  a  keying  amplifier  by  means  of  an  electromag- 
netic device  generating  a  sinusoidal  pulse.   This  is  gen- 
erated by  rotating  a  thin  segment  of  "hypernik"  through 
an  unsaturated  laminated  "hypernik"  core  so  that  the 
flux  in  the  core  is  changed  for  a  short  period  as  the  seg- 
ment is  rotated  through  the  core,  in  the  manner  of  an 
ordinary  electrical  generator.   A  pulse  is  induced  into  a 
coil  wound  around  this  core.   The  intermediate -frequency 
oscillator  operates  only  during  the  instant  that  the  pulse 
is  transmitted. 

A  fast  automatic  volume -control  is  incorporated  in 
the  intermediate -frequency  amplifier  which  has  a  time 
constant  of  about  10"4  second  to  prevent  oscillations  of 
excessive  amplitude  in  the  amplifier.   In  addition,  a  slow 
automatic  volume -control,  which  integrates  over  2  x  10-2 
second,  adjusts  the  sensitivity  of  the  amplifier  in  accord- 
ance with  the  noise-level  encountered,  so  that  the  records 
are  not  destroyed  during  periods  of  excessive  noise.  The 
equipment  will  record  with  a  minimum  input -signal  of 
about  2  x  10"6  volt.   A  diode  rectifier  operates  a  fully 
balanced  direct-current  amplifier  which  in  turn  operates 
the  oscillograph. 

The  general  arrangement  of  the  photographic  record- 
er, shown  in  Figure  7,  is  similar  to  that  described  by 
Gilliland  and  Kenrick  [11].   A  permanent  magnet,  Dudell 
type  oscillograph-element  is  used,  although  a  cathode - 
ray. tube  could  be  used  with  equal  facility.    The  galva- 
nometer is  normally  operated  with  a  bias  such  that  {the 
deflection  is  negative.   The  pulse  merely  reverses  this 


bias  so  that  the  restoring  force  of  the  galvanometer  as- 
sists in  its  initial  acceleration,  giving  somewhat  faster 
operation  than  with  conventional  operation,  to  provide 
for  the  short  pulse -lengths  used. 

The  camera  is  driven  by  a  synchronous  motor  and 
has  an  adjustable  speed  through  a  reduction  gear.   Re- 
cording is  done  on  photosensitized  paper  having  a  width 
of  12  cm  so  that  scalings  may  be  made  without  magnifi- 
cation of  the  trace.   A  vertical  resolution  of  about  0.66 
cm/100  km  is  ordinarily  used.   A  speed  giving  about  60 
cm  of  record  per  hour  is  found  most  useful.   The  optical 
system  includes  a  spherical  lens  which  is  focused  on  the 
recording  slit  of  the  camera.   This  lens  is  placed  so  that 
the  oscillograph  must  deflect  to  about  two -thirds  normal 
amplitude  before  the  beam  falls  on  the  lens;  the  last  one- 
third  of  the  deflection  is  focused  on  the  recording  paper. 
A  resistance-capacity  filter  is  placed  between  the  output 
of  the  intermediate -frequency  amplifier  and  the  recorder 
so  that  steady  signals  cannot  deflect  the  element  more 
than  one-half  normal  amplitude.   In  this  way  much  un- 
wanted interference  is  avoided  since  it  does  not  reach 
the  spherical  lens. 

Successful  recording  is  accomplished  because  re- 
flection patterns  are  not  random  and  form  a  coherent 
trace  on  the  paper;  noise  and  modulated  interference, 
which  pass  the  filter,  are  random  and  therefore  incoher- 
ent on  the  record,  merely  causing  some  fogging.    Record- 
ing is  possible  at  all  times  even  though  the  received  low- 
level  pulses  may  be  entirely  inaudible  through  noise  such 
as  that  experienced  during  local  thunderstorms. 


Factors    of    Design 

Before  the  automatic  features  are  discussed,  certain 
factors  controlling  the  design  must  be  considered.   A 
pulse -duration  of  about  100  to  200  microseconds  is  used. 
This  is  necessarily  a  compromise;  the  maximum  length 
is  limited  by  the  resolution  required  between  reflections 
arriving  at  nearly  the  same  time  as  is  often  the  result  of 
double  refraction  (vertical  resolution);  the  minimum 
length  is  limited  by  the  band-pass  restrictions  on  the 
intermediate-frequency  amplifier  determined  by  the 
limitations  of  incoming  interference,  by  the  required 
fidelity  of  reproduction  of  reflection,  by  the  necessity 
for  restricting  the  frequency  spread  of  transmitted  side- 
band energy  to  prevent  interference  to  other  services, 
and  by  the  requisite  resolution  of  critical-frequency  phe- 
nomena which  become  indistinct  when  the  radiation  em- 
braces too  wide  a  band  of  frequencies  (horizontal  reso- 
lution). 

The  minimum  time  of  sweep  through  the  band  is  con- 
trolled by  the  pulse-repetition  frequency,  the  width  of 
the  band,  the  allowable  frequency  change  between  pulses, 
and  the  allowable  detuning  of  the  receiver  from  the 
transmitted  frequency  between  pulses.   To  sweep  the  re- 
quired frequency  range  in  time  T,  the  frequency  must  be 
changed  by  an  amount,  Af ,  between  pulses.   If  N  pulses 
are  transmitted  per  second,  the  time  between  the  com- 
mencement of  successive  pulses  is  given  by  At  =  l/N. 
Suppose  the  frequency,  f,  at  any  time  during  the  sweep  to 
be  defined  by  a  function 

f  =  F(t) (5) 

then 


f 


r 


dFft) 


(6) 


INSTRUMENTS   AND    INSTRUMENTAL    PROCEDURES 


The  most  general  expression  for  F(t)  must  involve  the 
determination  of  three  constants  depending  upon  the  lim- 
its of  the  frequency  range  to  be  swept  and  the  permis- 
sible time  rate  of  change  of  frequency.   Two  of  the  nec- 
essary equations  are  formed  through  substituting  in 
equation  (5)  the  value  of  fmax>  the  highest  frequency,  and 
fmin,  the  lowest  frequency  of  the  range.   The  assignment 
of  values  to  Afmax  and  Atmin  yields  a  third  equation 


(df/dt) 


x  =  Afmax/At 


mm 


(7) 


The  minimum  time  required  for  a  sweep  therefore  de- 
pends upon  the  values  assigned  to  fmax>  ^min>  Afmax, 
and  Atmin  for  any  form  of  F(t). 

The  upper  limit  of  the  frequency  range  must  be  a 
frequency  above  which  it  is  improbable  that  reflections 
will  be  returned  at  vertical  incidence.   At  night,  reflec- 
tions can  be  observed  on  indefinitely  low  frequencies, 
although  the  reflections  are  observed  usually  from  the 
100-km  level  on  a  frequency  of  about  0.5  mc/sec.    Be- 
cause of  the  location  of  the  international  distress  band 
on  this  latter  frequency,  the  frequency  band  of  0.516  tc 
16.0  mc/sec  was  selected. 

For  a  given  band,  equation  (7)  must  be  maximized 
for  the  most  rapid  sweep.   The  value  of  At  is  limited, 
however,  by  consideration  of  interference  to  existing 
services.    Pulse-frequencies  over  20  per  second  consti- 
tute a  coherent  sound,  and,  as  a  consequence,  N  must  be 
limited  to  about  ten  pulses  per  second. 

While  the  maximum  value  of  Afmax  must  be  kept  low 
to  prevent  progressive  detuning  of  receiver,  this  is  not 
ordinarily  a  limiting  factor.   To  define  properly  the  com- 
plex pattern  of  a  critical  frequency  at  low  frequencies, 
such  as  is  often  observed  in  a  band  of  50  kc,  about  100 
discrete  pulses  are  required.   This  requires  that  Af  be 
about  0.5  kc/sec/pulse  at  low  frequencies.   This  require- 
ment is  not  so  severe  at  the  higher  frequencies,  because 
of  the  broader  character  of  the  critical  frequencies. 
Here  a  value  of  about  3.0  kc/sec/pulse  is  acceptable. 

The  rate  of  frequency  change  must  allow  the  pro- 
duction of  a  trace  which  is  satisfactory  for  scaling.   If 
the  percentage  accuracy  of  the  scaling  is  to  be  constant, 
the  frequency  must  be  changed  along  a  record  moving  at 
a  uniform  velocity  by 

q  log  f  =  & (8) 

where  q  is  a  constant  and  l>  is  the  distance  along  the 
recording  paper.    Let  p  be  the  percentage  accuracy  of 
the  frequency  which  should  correspond  to  an  uncertainty 
of  ft  '  as  scaled  on  the  record.   Then 


log  (1  +  p)f  -  log  f  =  (1/q)  g  ' 


from  which 


q  =  B,  '/log  (1  +  p)  =  &  7(1  +  p),  where  p  is  small.  .  (9) 


then 


i  =  [  i  7(1  +  P)]  log  fmaxAmin 


(10) 


This  egression  gives  the  length  of  record  such  that 
the  uncertainty  of  frequency  corresponds  to  the  uncer- 
tainty of  scaling.   If  it  is  assumed  that  the  frequency 
stability  of  a  well-designed  oscillator  is  0.2  per  cent 
when  operated  over  long  periods  of  time,  and  that  the 


record  can  be  measured  to  0.1  mm,  length  of  record  of 
about  15  cm  is  necessary  from  the  above  expression  to 
provide  the  necessary  accuracy  in  scaling  a  single 
sweep  of  the  frequency  band.  When  the  light  beam  is 
sufficiently  narrow  to  delineate  complex  patterns,  not 
less  than  300  pulses/cm  are  necessary  to  expose  the  re- 
cording paper  completely.    The  minimum  time  for  the 
entire  sweep  for  proper  film  exposure,  horizontal  reso- 
lution, and  accuracy  of  scaling  is  therefore  limited  to 
about  7.5  minutes  for  N  =  10.    The  maximum  value  of 
Af  must  be  consistent  with  this  minimum  time. 

It  is  not  practical  to  use  the  ideal  law  for  frequency 
change  given  by  equation  (8).    Not  only  must  the  absolute 
value  of  frequency  be  measured,  but  also  the  difference- 
frequencies,  as  is  the  case  in  measuring  the  separation 
of  critical  frequencies  due  to  double  refraction.    Because 
of  the  tendency  of  an  oscillator  to  drift  off  frequency  in 
the  same  direction  throughout  the  band  due  to  some  sin- 
gle cause,  the  relative  separation  of  two  adjacent  fre- 
quencies is  known  to  a  much  greater  accuracy  than  is 
the  precision  of  the  absolute  frequency.   It  is  desirable 
that  frequency  separations  be  measured  with  approxi- 
mately the  same  accuracy  over  the  whole  scale.    For 
this  purpose,  a  linear  frequency  scale  would  be  most 
suitable.    Such  a  scale  would  have  the  following  disad- 
vantages:   (1)  nonuniform  absolute  accuracy;  (2)  crowd- 
ing of  frequency  scale  below  2000  kc  where  reflections 
are  observed  at  practically  all  times,  with  expansion  of 
the  high-frequency  scale  where  reflections  are  observed 
only  during  exceptional  conditions,  leaving  much  unused 
film  under  ordinary  circumstances;  (3)  too  much  time 
per  sweep  required  if  necessary  accuracy  of  scaling  is 
to  be  obtained  at  low  frequencies;  (4)  increase  in  diffi- 
culty of  the  problem  of  design,  as  is  made  clear  in  sub- 
sequent discussion. 

A  square -law  scale  is  a  logical  compromise  between 
the  two  extremes.    Such  a  scale  leaves  the  higher  fre- 
quency scale  sufficiently  open  to  observe  unusual  condi- 
tions with  some  accuracy,  and  at  the  same  time  yields 
the  requisite  accuracy  at  the  lower  frequencies  where 
reflections  are  always  observed.    The  frequency  sweep 
is  made  to  travel  from  high  to  low  frequencies  to  elimi- 
nate certain  mechanical  difficulties  in  the  equipment  at- 
tendant on  tuning  of  antenna  and  is  expressed  by 


f  =k[(T  -  t)  +  cy 


.(11) 


With  the  values  of  fmax  =  16,000  kc/sec,  fmm  =  516  kc/ 
sec,  N  =  10  pulses  per  second,  and  Afmax  =  3.0704  kc/ 
sec,  the  constants  evaluated  from  equation  (6)  and  (7)  are 


•  (12) 


kc2  =  516 
k(T  +  c)2  =  16,000 
2k(T  +  c)  =  30.704 


for  which  the  solution  is  T  =  855  seconds,  k  =  0.014731 
kc/sec,  and  c  =  187.18  seconds. 

The  entire  frequency  range  from  516  to  16,000  kc  is 
divided  into  six  bands,  each  requiring  142.5  seconds  to 
traverse,  with  7.5  seconds  between  bands  for  switching. 
Thus  one  sweep  requires  just  15  minutes  for  completion. 
During  the  switching  period,  no  pulses  are  emitted. 
These  bands,  as  determined  from  equation  (11)  are  given 
in  Table  2. 

Figure  8  shows  the  value  of  frequency  at  any  time 
during  the  frequency  sweep.   Figure  9  shows  the  rate  of 
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change  of  frequency  with  respect  to  frequency  or  time, 
and  the  change  in  frequency  in  kilocycles  per  pulse  at 
any  frequency  in  the  range.    Selection  of  these  bands  is 

Table  2.    Frequency  bands 


Band 


Frequency  range  in  kilocycles 


16000  -  11924 
11924  -  8446 
8446  -  5566 
5566  -  3284 
3284  -  1610 
1610  -       516 


based  upon  the  engineering  requirements  of  condenser- 
tuned  circuits.    Ordinarily,  the  frequency  range  of  such 
a  circuit  is  limited  to  about  three  to  one.    If  the  output 
is  to  be  maintained  reasonably  uniform,  the  squared- 
frequency  scale  lends  itself  to  the  most  economical  se- 
lection of  bands. 


Mechanical    Control 

Figure  10  shows  that  only  four  variable  tuning  con- 
trols are  required  for  both  the  transmitter  and  receiver. 
These  are  variable  capacitors  in  each  case.  Associated 
with  each  variable  tuning  control  is  a  selector  switch 
which  introduces  the  proper  values  of  L  and  C  into  the 
circuit  for  each  band. 

A  selector  panel,  shown  in  Figure  11,  is  located  at 
the  bottom  of  a  relay  rack  and  provides  the  entire  me- 
chanical control  for  the  equipment.    The  units  which  have 
the  variable  tuning  are  mounted  above  the  selector.   The 
main  camshaft  of  the  selector  panel  is  driven  continuous- 
ly at  0.4  revolution  per  minute  by  a  1/75  horsepower  syn- 
chronous motor  through  a  reduction  gear;  this  shaft  ro- 
tates 24  cams  in  four  groups  of  six,  each  group  corre- 
sponding to  one  variable  tuning  control.    Twenty-four 
short  cam  followers,  one  following  each  cam,  have  ver- 
tical motions  which  are  determined  by  the  shapes  of  the 
cams.   Above  each  group  of  six  cam  followers  is  a  rotary 
cam  selector  having  an  arm  as  shown  in  Figure  12.    This 
arm  is  capable  of  both  rotary  and  vertical  motion.   It  has 
six  positions,  60°  apart;  each  position  corresponds  to  the 
selection  of  one  of  the  six  cam  followers  in  its  group. 
The  vertical  motion  of  a  selected  cam  follower  causes 
the  cam-follower  selector  to  rise  with  a  motion  deter- 
mined by  the  shape  of  the  cam.   This  rotates  the  variable 
capacitor,  providing  the  proper  tuning.   At  the  end  of  the 
frequency  band,  the  cam  followers  drop  and  the  four  cam- 
follower  selectors  rotate,  selecting  a  new  set  of  four  cam 
followers.   In  this  way  a  new  set  of  cams  is  selected  for 
each  band. 

The  cam-follower  selector  is  motor  driven  and  oper- 
ated through  a  switching  device  of  special  design.   Any 
band  sequence  can  be  set  up  through  merely  operating 
any  combination  of  a  series  of  six  switches.   Slight 
changes  in  positions  of  the  selector  arm,  due  to  change 
in  f  rictional  force,  are  not  cumulative.  The  selector-arm 
drive  shaft  also  operates  the  selector  switches  in  the  four 
tuning  units  by  means  of  a  direct  chain  drive  to  each  unit. 
The  entire  assembly  of  an  experimental  multifrequency 
equipment  is  shown  in  Figure  5.   The  units  are  arranged 
as  shown  in  Figure  6,  with  the  receiving  equipment  and 
power  units  on  the  right. 


The  design  of  a  radio-frequency  band  switch  is 
shown  in  Figure  13.   The  switch  has  six  positions  cor- 
responding to  the  six  bands  and  the  switch  cams  can  be 
readily  cut  into  any  desirable  shape  to  provide  for  prac- 
tically any  combination  of  contacts  in  each  position.   In 
addition,  each  switch  is  equipped  with  back-contacts  so 
that  unused  inductors  are  grounded.   The  design  of  these 
switches  is  an  important  feature  in  successful  operation 
of  the  equipment.   The  variable  capacitors  are  section- 
alized  so  that  the  total  capacitance  available  is  changed 
for  different  bands,  providing  for  rotation  through  the 
full  180°  in  each  band,  which  is  necessary  if  requisite 
frequency  calibration  is  to  be  maintained. 


Antenna    Arrangement 

The  details  of  the  antenna-tuning  network  are  shown 
in  Figures  10  and  14.   Capacitor  sections  may  be  put 
either  in  series  or  in  parallel  so  that  the  total  condenser 
reactance  corresponds  to  the  required  values  in  any  part 
of  the  frequency  range.   It  can  be  seen  that  resonance  of 
the  output  tank  can  be  obtained  for  an  infinite  number  of 
settings  of  the  tank  condensers.   Therefore,  the  ratio  of 
these  capacitances  can  be  adjusted  by  the  cam  motion  so 
that  the  impedance  at  the  sending  end  of  the  transmission 
line  is  matched  to  the  output  tank  both  as  to  scalar  mag- 
nitude and  phase  angle  at  all  frequencies. 

Two  antennas  are  used  to  maintain  high-angle  radi- 
ation throughout  the  range.   Antenna  1  is  used  for  bands 
one  to  four  (16,000  to  3,284  kc),  inclusive,  and  is  30  me- 
ters in  length.   Antenna  2  is  used  in  bands  five  and  five 
(3,284  to  516  kc)  and  is  125  meters  in  length.    Both  an- 
tennas are  in  the  form  of  horizontal  doublets  with  550- 
ohm  transmission  lines  connected  to  the  centers.  Match- 
ing between  the  transmission  lines  and  the  antennas  is 
evidently  impracticable,  in  so  far  as  scalar  values  of  the 
impedance  are  concerned,  while  the  reactance  is  taken 
up  in  the  antenna-tuning  network  at  the  transmitter.   To 
reduce  the  antiresonant  impedance  of  the  antenna,  each 
arm  of  the  doublet  is  of  the  form  of  a  cage  of  diameter 
about  two  meters.   The  antiresonant  resistance  of  such 
a  doublet  at  the  center  is  given  approximately  by  the  ex- 
pression 


R 


Zq/Rl 


•  (13) 


where  Rl  is  the  radiation  resistance  and  Z0  is  the  surge 
impedance  of  the  doublet.   If,  for  example,  a  No.  10  Brown 
and  Sharpe  gage  doublet  antenna  is  compared  to  the  2- 
meter  cage  doublet  antenna,  the  antiresonant  impedance 
of  the  cage  is  about  3000  ohms  as  compared  to  about 
30,000  ohms  for  the  No.  10  wire,  with  some  variation  de- 
pending upon  the  other  dimensions  of  the  antennas.   The 
mismatch  between  the  transmission  line  and  the  antenna 
is  not  serious  in  this  case,  never  exceeding  about  5:1 
either  way.   Similarly,  it  is  practicable  to  match  the  an- 
tiresonant resistance  of  3000  ohms  into  the  power-am- 
plifier tank  efficiently.    Likewise  the  reactance  is  cor- 
respondingly reduced  so  that  the  tuning-matching  arrange- 
ment is  feasible. 


Calibration 

To  obtain  proper  calibration,  the  maximum  cam 
rise  is  100  mm  which,  when  coupled  to  a  disc  having  a 
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periphery  of  200  mm,  provides  for  capacitor  rotation  of 
180°.    It  is  possible  to  grind  the  cams  to  0.1  mm  provid- 
ing for  a  mechanical  calibration  accuracy  of  one  part  in 
1000.    The  oscillator  is  designed  to  operate  within  these 
limits.    Frequencies  are  repeated  for  given  cam  positions 
on  successive  runs  to  well  within  one  part  in  10,000.  The 
calibration  on  the  automatic  tuning  unit  provides  for  cam 
settings  of  one  part  in  1000.    To  obtain  the  proper  shape 
of  cam,  the  calibrated  readings  of  the  dials  on  the  four 
tuning  units  are  obtained  directly  from  a  dial  reading  0 
to  1000.    This  calibration  corresponds  exactly  to  the  rise 
of  cam  in  tenths  of  millimeters. 


Noninterference    of    Emission 

It  is  essential  that  for  successful  operation  there 
must  exist  no  interference  whatsoever  to  radio  service. 
That  this  is  the  case  is  apparent  from  a  review  of  the 
following  details  of  design: 

(1)  The  emission  is  a  short  pulse  of  l/l0,000-second 
duration.  One  such  pulse  is  emitted  each  one -tenth  sec- 
ond. On  an  average,  the  frequency  sweeps  at  the  rate  of 
about  900  kc  or  more  per  minute  so  that  the  frequency 
advances  on  an  average  of  1.5  kc  between  each  pulse.  On 
an  average,  about  five  pulses  occur  in  any  channel. 

(2)  One  complete  sweep  of  frequency  is  made  in 
about  15  minutes.    Therefore,  the  pulses  are  repeated  in 
any  channel  only  at  intervals  of  about  15  minutes. 

(3)  The  antenna  is  a  high-angle  radiator  with  prac- 
tically no  low-angle  radiation.   Therefore,  to  even  a 
nearby  receiver  located  just  outside  the  induction  field 
of  the  antenna,  the  ground  wave  is  inappreciable.    Such  a 
receiver  is  thus  at  an  equivalent  distance  of  not  less  than 
200  km  from  the  equipment  (the  lowest  layer  is  about 
100-km  height). 

(4)  The  average  radiated  power  of  the  equipment  is 
0.64  watt,  and  the  peak  power  of  any  pulse  is  less  than 
800  watts.    Therefore,  the  power  involved  is  much  less 
than  that  of  most  existing  services.   Only  sufficient  pow- 
er is  used  to  discriminate  against  atmospheric  noise. 
The  level  of  the  received  pulse  is  often  down  into  the  at- 
mospheric noise -level. 

(5)  The  pulse  is  of  very  short  duration  and  as  nearly 
sinusoidal  in  form  as  possible  so  that  the  side-band  en- 
ergy occupies  a  restricted  band.    The  side -band  frequen- 
cy of  the  pulse  is  greatly  attenuated  by  all  but  receivers 
especially  designed  to  receive  it. 

(6)  The  pulse -frequency  (ten  pulses  per  second)  is  so 
low  that  it  does  not  constitute  a  "sound"  as  defined  in 
audio -frequency  parlance.   This  pulse  rate  has  been 
made  the  minimum  consistent  with  the  rate  of  frequency- 
change,  any  lower  rate  materially  affecting  the  complete- 
ness of  the  record. 

(7)  The  emission  can  be  received  continuously  only 
on  a  special  receiver  whose  frequency  is  changed  with 
the  frequency  of  the  transmitter.    The  pulses  and  their 
side  bands  will  be  actually  emitted  in  any  channel  for  a 
total  time  of  only  0.0003  to  0.0005  second  during  the  pe- 
riod of  less  than  one -half  second  that  the  equipment-fre- 
quency is  passing  through  the  channel.   This  will  be  re- 
peated once  each  15  minutes.   Thus  the  emission,  to  a 
receiver  adjusted  to  the  threshold  of  maximum  sensitiv- 
ity, will  sound  about  like  a  watch  ticking  in  any  channel 
for  less  than  one  second  in  each  15  minutes. 

The  equipment  was  subjected  to  exhaustive  tests  and 
inspections  by  the  engineering  staffs  of  the  United  States 


Federal  Communications  Commission  to  determine 
whether  interference  to  existing  radio  services  might 
possibly  result.    It  was  found  after  extensive  listening 
tests  that  interference  does  not  occur.    License  was 
granted  for  operation  at  Kensington,  Maryland,  which, 
being  within  a  few  miles  of  governmental,  commercial, 
and  broadcast  activities,  demonstrates  most  aptly  the 
noninterfering  character  of  the  emission. 

In  addition  to  the  multif requency  apparatus,  a  fixed- 
frequency  equipment  was  also  in  operation.    Several 
operating  frequencies  were  employed,  although  the  one 
most  generally  used  in  Alaska  was  close  to  3500  kc/sec. 
The  purpose  of  the  fixed-frequency  record  was  to  give 
closer  time  resolution  of  fade-out  phenomena.    The  same 
receiver  was  used  for  both  fixed  and  multifrequency  op- 
eration through  use  of  a  separate  radio -frequency  con- 
verter of  conventional  design  for  the  fixed  frequency  part 
of  the  apparatus.    Because  the  multifrequency  and  fixed 
frequency  pulses  were  separated  temporally,  they  passed 
through  the  common  receiver  one  after  the  other  and  thus 
did  not  interfere  with  each  other. 


Examples    of    Records 

Typical  examples  of  ionospheric  records  obtained 
#ith  the  apparatus  described  in  the  preceding  section 
are  given  in  Figure  15.    The  upper  portion  of  each  rec- 
ord is  reserved  for  continuous  recording  on  a  fixed  fre- 
quency, while  the  multifrequency  record  occupies  the 
lower  portion.    Time  scale  progresses  from  right  to 
left  and  frequency  scale  changes  from  16.0  to  0.516  mc/ 
sec  in  the  same  direction.    The  scale  of  virtual  height 
for  the  multifrequency  recording  extends  from  0  km 
(the  base  line)  at  the  bottom  of  the  sheet  up  to  1200  km, 
just  below  the  base  line  for  the  fixed-frequency  portion. 
From  the  latter  base  line  the  scale  of  virtual  height  ex- 
tends to  500  km. 

The  grey  background  of  the  records  is  produced  by 
random  noise  or  signals  which  cause  the  oscillograph 
light  beam  to  deflect  into  recording  position  but  do  not 
leave  a  coherent  trace.    The  occasional  vertical  dark 
lines  are  the  result  of  interference  from  stations  whose 
radio-frequency  carrier  is  on  continuously,  such  as 
broadcast  stations. 

Serving  the  ionospheric  equipment  was  a  switchboard 
arrangement  whereby  any  one  of  three  available  sources 
of  power  could  be  used.    Ordinarily  the  commercial  pow- 
er lines  were  used.    However,  the  University  power  plant 
could  be  drawn  upon,  and  if  both  of  these  sources  failed 
a  2-KW  engine  generator  installed  in  the  ionospheric 
laboratory  was  available.    Both  this  auxiliary  power  sup- 
ply and  the  University  system  were  direct  current 
sources,  necessitating  conversion  to  110  volt  60  cycles 
for  use  of  the  apparatus,  at  the  same  time  providing  for 
the  necessary  frequency  control.   Two  1-KW  rotary  con- 
verters, installed  in  the  electrical  engineering  laboratory, 
adjacent  to  the  ionospheric  laboratory,  were  used  for  con- 
version.   The  frequency  of  these  converters  was  con- 
trolled through  auxiliary  field  windings  by  a  60-cycle 
tuning  fork  in  a  constant-temperature  "oven." 

Time  corrections  on  the  apparatus  were  noted  ap- 
proximately every  four  hours  through  comparison  with 
chronometers  which  were  standardized  from  daily  time 
signals  sent  out  by  Naval  radio  stations  and  the  Bureau 
of  Standards  station  WWV.    Complete  operating  logs  were 
kept  of  all  checks  on  equipment  functions.   In  addition, 
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power  equipment  logs  were  kept  showing  operation  of 
auxiliary  and  control  apparatus.    Inspections  of  the  func- 
tioning of  equipment  were  made  at  approximately  four- 
hour  intervals.   Antennas  were  inspected  daily.    Each 
morning  the  photographic  records  were  developed,  fixed, 
and  prepared  for  reduction.    Interpretation  of  these  rec- 
ords was  made  daily  and  the  information  was  transmitted 
daily  to  the  office  in  Washington.    Throughout  the  day  a 
constant  check  on  operation  of  the  photographic  record- 
ing was  maintained  through  an  auxiliary  cathode-ray  os- 
cillograph. 

Reduction  of  the  photographic  records  was  accom- 
plished by  a  standardized  procedure  adopted  as  a  result 
of  international  conference  so  that  information  obtained 
was  comparable  directly  with  that  obtained  at  other  ob- 
servatories.   The  numerical  values  representative  of  the 
data  were  entered  on  tabulation  sheets,  one  for  each  ele- 
ment for  each  calendar  month.   At  the  end  of  the  month 
mean  values  (and  later  median  values)  were  computed 
from  the  hourly  entries.    The  completed  tabulation 
sheets,  together  with  logs  and  control  data,  were  sent  to 
the  Department  with  the  original  photographic  records. 


Supplementary    Apparatus 

The  apparatus  installed  to  permit  comparison  of 
ionospheric  data  with  other  geophysical  phenomena,  con- 
sisted of  the  following: 

(1)  Signal -intensity  apparatus  consisted  of  four  high- 
frequency  radio  receivers  adapted  to  give  records  of 
signal  strength  of  distant  high-frequency  broadcasting 
stations  in  the  form  of  inked  graphs  on  Leeds  and  North- 
rup  recorders.    This  equipment  was  used  to  verify  and 
extend  knowledge  of  oblique -incidence  propagation  in 
terms  of  the  vertical  incidence  ionospheric  measure- 
ments. 

(2)  Magnetic  instruments  consisted  of  continuously 
recording  la  Cour  variometers  giving  horizontal  and 
vertical  intensity  components  of  the  Earth's  magnetic 
field,  and  also  direction  of  the  total  field.    Control  ap- 
paratus was  magnetometer -inductor  absolute  instrument 
DTM  CIW  No.  25.   Absolute  values  of  base  lines  were 
determined  weekly  to  plus  or  minus  two  gammas.   The 
magnetic  records  were  used  to  compare  changes  in  the 
Earth's  magnetic  field  with  ionospheric  changes,  and  for 
comparison  with  other  geophysical  phenomena. 

(3)  Fluxmeters  of  the  recording  photoelectric  type 
connected  to  fixed  horizontal  and  vertical  search  coils 
were  installed  to  investigate  rapid  changes  in  the  Earth's 
magnetic  field  not  resolved  by  the  la  Cour  instruments. 

(4)  High-frequency  direction-finding  equipment  was 
installed  for  study  of  direction  of  arrival  of  distant  radio 
signals.    Results  of  these  studies  were  correlated  with 
ionospheric  and  other  investigations. 

(5)  Seismographs  were  operated  for  the  United  States 
Coast  and  Geodetic  Survey  and  for  the  University  of 
Alaska.  While  not  strictly  a  part  of  the  observatory  pro- 
gram, the  seismographs  were  useful  in  certain  studies 
related  to  the  magnetic  field  of  the  Earth. 

(6)  Pyrometric  apparatus  was  operated  on  behalf  of 
the  United  States  Weather  Bureau. 

Difficulties    of    Operation 

The  operation  of  a  program  so  extensive,  utilizing 
complicated  apparatus,  encountered  some  difficulties. 


However,  without  minimizing  the  real  problems,  it  may 
be  emphasized  that  the  absence  of  serious  and  detrimen- 
tal failures  of  apparatus  was  a  direct  result  of  careful 
planning  and  foresight  before  the  project  was  undertaken, 
the  competence  of  personnel,  the  spirit  of  co-operation 
evident  throughout,  and  a  program  of  preventative  main- 
tenance adhered  to  rigorously. 

As  an  example  of  the  foregoing,  although  it  was  orig- 
inally intended  that  the  expedition  would  complete  its 
mission  in  a  year,  the  entire  installation  was  made  as 
though  it  were  to  operate  indefinitely.    The  over -all  re- 
sult was  that  no  troubles  from  temporary  expedients 
were  evident.    This  factor  was  largely  responsible  for 
the  noteworthy  lack  of  serious  breakdown  and  failure, 
although  standardized  procedures  of  inspection  and  main- 
tenance were  important  factors  also.    Loss  of  record 
from  instrumental  failure  was  further  minimized  by  sup- 
plying a  large  and  complete  stock  of  spare  parts  with  the 
original  shipment. 

Some  difficulties  were  of  course  encountered.    There 
were  failures  of  component  parts  of  the  equipment,  but 
such  parts  were  replaced  or  repaired  in  a  minimum 
amount  of  time  because  frequent  inspections  were  made 
and  new  parts  were  immediately  available  from  the  stock 
of  replacements.    Occasional  trouble  was  experienced 
when  recording  paper  caught  in  the  camera,  the  principal 
cause  being  variation  in  paper  size. 

Temperature  variations  were  troublesome  at  first, 
but  these  were  corrected  through  rearrangement  of  the 
ventilation  system. 

One  of  the  most  annoying  problems  was  rapid  and 
unpredictable  variation  in  the  supply  voltage  and  fre- 
quency of  the  commercial  power  source.    Much  of  this 
difficulty  was  overcome  through  installation  of  a  con- 
stant-voltage transformer  in  the  supply  line  and  correc- 
tive efforts  on  the  part  of  the  local  power  company. 


Accuracy    of    Calibrations 

Calibration  of  the  multifrequency  ionospheric  equip- 
ment was  made  once  monthly  in  an  over-all  check  cali- 
bration and  once  annually  in  detail.    The  accuracy  of 
each  calibration  in  so  far  as  the  radio  frequency  was 
concerned,  was  better  than  0.01  per  cent.   Time  calibra- 
tions, while  not  generally  made,  were  taken  account  of 
through  holding  to  an  accuracy  of  better  than  one  part  in 
four  thousand,  which  was  within  the  scaling  error  in- 
volved in  reduction  of  the  records.   The  calibrating  ap- 
paratus consisted  of  a  secondary  frequency  standard 
compared  with  temperature-controlled  quartz  crystals 
before  and  after  each  calibration.   Comparison  of  the 
operating  frequency  with  standard  frequency  was  made 
by  the  zero -beat  method  so  that  differences  of  a  few 
parts  in  16  million  could  be  readily  detected.   The  basic 
accuracy  of  calibration,  therefore,  rested  upon  the  ac- 
curacy of  the  secondary  frequency  standard  and  the 
standard  temperature-controlled  crystals. 


Evaluation    of    Accuracy    of    Results 

As  indicated  in  the  foregoing  paragraphs,  very  rigid 
control  was  maintained  over  the  instruments  through 
time  and  frequency  standardizations.   These  calibrations 
held  the  apparatus  well  within  the  accuracy  with  which 
the  final  photographic  records  could  be  scaled.   In 
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reducing  the  records,  an  ultimate  accuracy  of  plus  or 
minus  one  kilometer  in  height  and  0.01  mc/sec  could  be 
obtained.    In  practice,  heights  of  the  reflecting  layers 
were  determined  to  plus  or  minus  2.5  kilometers  and 
values  of  frequency  to  plus  or  minus  0.05  mc/sec. 
Values  were  determined  and  tabulated  for  each  hour  of 


the  day,  from  the  first  15-minute  sweep  of  the  apparatus 
after  the  hour.    Tabulated  hourly  values  of  virtual  height 
and  critical  frequency  of  the  F2-region,  virtual  height 
and  critical  frequency  of  the  Fl -region,  critical  fre- 
quency of  the  E -region,  and  minimum  recorded  frequency 
are  given  in  the  final  section  of  this  volume. 
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General    Remarks 

From  examination  of  the  tabulated  data,  it  is  possible 
to  say  that  during  undisturbed  intervals  the  ionosphere  at 
and  near  Fairbanks,  Alaska,  has  characteristics  very 
similar  to  those  inferred  from  observations  in  temperate 
and  tropical  latitudes. 

It  was  found  within  the  first  year  of  operation  that  one 
of  the  major  causes  of  failure  of  radio  communications  in 
the  Arctic  was  the  great  frequency  and  intensity  of  "radio 
fade-outs."    These  fade-outs  behaved,  in  so  far  as  the 
radio  wave  was  concerned,  exactly  as  had  fade-outs  in 
temperate  and  tropical  latitudes,  but  they  were  much 
more  intense  and  frequent,  and  they  did  not  appear  to 
coincide  in  general  with  the  solar  flares  which  give  rise 
to  the  widely  described  fade-outs  in  temperate  and  trop- 
ical latitudes.    Furthermore,  the  fact  that  on  occasions 
the  fade-outs  occurred  at  night  further  differentiated 
them  from  the  radio  fade-outs  of  lower  latitudes. 

A  report  on  this  feature  of  the  work  was  prepared  by 
Bramhall  and  Seaton  October  18,  1941,  at  which  time  the 
following  statements  were  made: 

"Ever  since  the  commencement  of  ionospher- 
ic observations  at  College,  Alaska,  the  frequency 
and  intensity  of  echo-signal  fade-outs  has  been 
unexpectedly  great. 

"The  fade-outs  observed  at  College  are  un- 
questionably of  the  same  general  character  as 
those  described  on  the  basis  of  lower  latitude 
observations,  namely,  an  upward  extension  of 
the  minimum  frequency  returned  at  vertical  in- 
cidence with  little  or  no  effect  on  ionospheric 
regions  having  heights  greater  than  E -region 
height  (i.e.,  about  100  km). 

"Furthermore,  there  have  been  observed 
several  fade-outs  at  hours  around  midnight  local 
time  during  the  interval  following  September  15 
when  the  ionosphere  up  to  500  km  was  not  sunlit. 

"Both  the  frequency  and  intensity  of  fade- 
outs  during  sunlight,  and  the  several  less  intense 
fade-outs  at  night,  suggest  that  this  phenomenon 
at  College  is  produced  not  only  by  visible  solar 
radiation,  as  is  the  case  in  lower  latitudes,  but 
in  addition  by  some  other  form  of  energy  or 
corpuscular  radiation. 

"it  is  possible  that  charged  particles  de- 
flected polewards  by  the  Earth' ^  field  would 
have  a  noticeable  effect  at  these  latitudes.    It 
would  seem  important  to  consider  the  possible 
correlation  between  this  effect  and  visible  solar 
flares.    Such  particles  would  originate  in  active 
solar  areas  perhaps  prior  to  or  during  visible 
solar  flares.   With  this  in  mind,  it  would  be  de- 
sirable to  obtain  relevant  information  from 
Mount  Wilson  and  the  observatories  at  Huancayo 
and  Watheroo  for  our  immediate  examination. 


"it  appears  also  that  there  is  a  high  corre- 
lation between  vertical-incidence  fade-outs  and 
decreases  in  signal  intensity  especially  over 
northern  paths,  lending  weight  to  the  belief  that 
these  fade-outs  exist  over  a  considerable  high- 
latitude  area. 

"it  appears  highly  important  to  establish  the 
amount  of  dependence  of  fade-outs  upon  visible 
solar  radiation  (solar  flares  observed  in  the  hy- 
drogen spectrum)  and  to  separate  out  that  amount 
due  to  other  forms  of  energy. 

"Because  of  the  unusual  number  of  fade-outs, 
and  in  view  of  their  possible  underlying  cause  in 
the  intense  ionization  over  polar  areas  resulting 
from  deflection  of  corpuscles  towards  these  re- 
gions, it  is  our  thought  that  the  possible  propaga- 
tion of  this  ionization  southwards  from  the  North 
Polar  Regions  should  be  investigated  at  a  central 
bureau  where  ionospheric  data  from  several  sta- 
tions are  available. 

"in  this  regard  perhaps  the  propagation  ve- 
locity of  bands  in  the  aurora  as  evidenced  by  the 
apparent  movement  of  the  bands  in  auroral  cur- 
tains should  be  investigated  at  this  station." 

As  an  additional  result  of  the  ionospheric  measure- 
ments at  College,  it  was  possible  to  predict  with  consider- 
able success  the  onset  of  ionospheric  disturbances  in  the 
Arctic  by  means  of  the  27-day  recurrence  tendency  of  dis- 
turbance in  the  magnetic  records.  The  best  results  in  the 
prediction  of  disturbances  were  obtained  during  the  years  of 
declining  and  minimum  solar  activity,  the  accuracy  decreas- 
ing with  increasing  solar  activity  in  the  final  years  of  the  ob- 
serving period,  as  was  to  be  expected  since  not  the  initial  on- 
set of  a  new  disturbance  but  only  its  probable  recurrence  at 
intervals  of  one  solar  rotation  could  be  predicted. 

Although  fade-outs  have  been  mentioned  as  a  predom- 
inant cause  of  failure  in  radio  communications,  another 
phenomenon,  namely,  the  sporadic  E -layer  ionization, 
frequently  disturbed  normal  wave -propagation  in  the  high 
latitudes.    It  was  found  that  sporadic  E -layer  ionization 
was  more  intense,  more  frequent,  and  much  more  sys- 
tematic in  occurrence  in  high  latitudes  than  elsewhere. 
Frequently,  the  sporadic  E-layer  returned  echoes  at  ver- 
tical-incidence frequencies  above  16.0  mc/sec,  implying 
oblique -incidence  propagation  at  frequencies  of  approxi- 
mately 70  mc/sec  at  distances  of  1000  miles  and  more. 
In  general,  sporadic  E-layer  phenomena  were  a  nighttime 
effect,  being  greatest  in  the  winter  night  and  least  in  the 
summer  day.    The  effect  of  the  existence  of  such  a'  re- 
flecting layer  was  to  block  off  the  higher  ionospheric  re- 
gions so  far  as  the  wave  energy  was  concerned.  The  over- 
all result  was  to  cause  any  radio  wave  reaching  the  spo- 
radic E-layer  from  below  to  be  returned  to  Earth  closer 
to  the  source  than  it  otherwise  would  have  been. 

As  a  third  effect,  whenever  a  disturbance  was  in  prog- 
ress, ionization  of  the  normal  ionospheric  layers  was 
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lower  than  that  found  at  times  of  no  disturbance.    Be- 
cause of  this  the  maximum  frequency  usable  for  com- 
munications was  decreased,  while  at  the  same  time  the 
lowest  usable  high-frequency  was  raised  by  absorption. 
In  other  words,  the  available  radio -frequency  spectrum 
was  decreased  from  both  ends  with  the  onset  of  disturb- 
ance, becoming  small  or  disappearing  altogether  with 
severe  disturbance. 

H.  W.  Wells,  in  an  unpublished  paper  prepared  in 
1942,  discussed  the  fade-outs  noted  at  College  at  night, 


calling  them  "polar  blackouts."   He  also  discussed  in 
the  same  paper  the  sporadic  E  ionization  and  other  dis- 
turbance features  noted  at  College.    His  paper  is  pre- 
sented among  others  in  this  volume. 

Various  other  studies  of  the  ionospheric  data  were 
made  in  the  years  1941  to  1945,  and  reports  were  pre- 
pared containing  discussions  and  interpretations.    The 
more  important  of  these  reports  are  given  in  the  fol- 
lowing pages. 


SPECIAL    REPORTS 


POLAR   RADIO   DISTURBANCE   DURING    MAGNETIC    BAYS 
By    H.  W.  Wells 
(Report  dated  December  31,  1942,  under  contracts  OEMsr-558,  OEMsr-594,  and  NXs-11605) 


Strong  absorption  of  radio  waves  associated  with 
complete  disappearance  of  all  signals  is  often  encounter- 
ed in  the  polar  regions.    This  condition  has  been  reported 
by  organizations  maintaining  high-frequency  communica- 
tion circuits  over  the  polar  regions  and  by  other  investi- 
gators.   Continuous  operation  of  the  observatory  at  Col- 
lege, Alaska,  near  the  zone  of  maximum  auroral  activity, 
has  revealed  important  information  concerning  radio 
wave-propagation  in  these  polar  regions.    The  general 
program  at  this  observatory,  operated  under  the  joint 
sponsorship  of  the  University  of  Alaska,  the  Carnegie 
Institution  of  Washington,  the  National  Defense  Research 
Committee,  and  the  Navy  Department,  includes  continu- 
ous ionospheric  recordings  over  a  wide  range  of  fre- 
quencies, signal -intensity  recordings  on  various  high- 
frequency  broadcasting  stations,  magnetic  observations 
including  photographic  recordings  of  magnetic  activity, 
as  well  as  auroral  studies. 

Polar  radio  "blackouts"  are  similar  in  effect  to  the 
"sudden  ionospheric  disturbances"  or  radio  fade-outs 
which  occasionally  are  observed  for  short  intervals 
during  daylight  only  especially  in  lower  latitudes.   This 
fade-out  has  been  unquestionably  connected  with  solar 
flares  through  the  work  of  Dellinger  and  others.   The 
generally  accepted  explanation  of  the  solar-flare  fade-out 
is  that  ultraviolet  radiation  from  the  flare  is  absorbed 
selectively  and  produces  intense  ionization  below  the 
normal  E -layer  of  the  ionosphere  in  regions  of  reason- 
ably high  molecular  density.    This  has  the  effect  of  dis- 
sipating radio  energy  while  the  ionization  is  maintained. 

The  polar  radio  "blackout"  cannot  be  explained  on 
the  basis  of  solar  light  radiation  alone,  since  the  dis- 
turbances develop  during  night  as  well  as  day.   It  seems 
logical,  however,  to  assume  that  general  factors  relating 
to  the  development  of  the  radio  fade-out  produced  by 
solar  light  and  the  polar  "blackout"  must  be  of  the  same 
general  character,  namely,  the  occurrence  of  abnormally 
intense  ionization  in  the  lower  ionosphere  resulting  in 
partial  to  complete  dissipation  of  the  radio  energy.    The 
other  mechanism  immediately  suggested  as  a  potential 
source  of  such  ionization  is  the  bombardment  of  polar 
regions  by  streams  of  charged  particles  from  the  Sun. 
This  general  assumption  is  in  agreement  with  accepted 
theories  for  production  of  auroral  displays  and  magnetic 
disturbances  in  polar  regions. 

Ionospheric  recordings  at  College,  Alaska,  have  in- 
dicated frequent  occurrence  of  polar  radio  blackouts 
during  all  periods  of  magnetic  disturbance.    Even  during 
the  present  epoch  of  minimum  magnetic  activity  such 
disturbances  in  polar  regions  constitute  a  serious  hand- 
icap to  normal  communications  which  pass  near  the  au- 
roral zones.   These  blackouts  last  from  several  hours 
to  several  days  depending  upon  the  extent  and  duration 
of  the  magnetic  disturbance.    Commencement  of  disturb- 
ances of  this  nature  occasionally  may  be  anticipated  from 
solar  observations  which  identify,  in  advance,  the  re- 
gions or  potential  sources  of  corpuscular  streams.  These 
corpuscular  streams  travel  relatively  slowly  from  the 
Sun  to  Earth  and  require  from  one  to  three  days  in  tran- 
sit, thereby  affording  certain  opportunity  of  forecasting 
which  is  being  usefully  applied. 


Other  polar  radio  blackouts  are  found  to  occur  during 
magnetic  bays  as  illustrated  in  Figure  16.  The  magnetic 
bays  are  typical  disturbances  of  short  duration  which  are 
preceded  and  followed  by  generally  undisturbed  magnetic 
conditions.  The  bays  are  very  pronounced  near  the  au- 
roral zones  although  their  magnetic  effects  extend  to 
equatorial  regions. 

Comparison  of  ionospheric  and  magnetic  records  at 
College  Observatory  shows  very  definite  ionospheric  ef- 
fects during  magnetic  bays.    High  absorption  producing 
partial  to  complete  radio  blackouts  was  observed  during 
every  one  of  the  69  significant  magnetic  bays  which  have 
now  been  investigated.    The  relationship  is  very  definite 
since  the  polar  absorption  is  limited  to  the  duration  of 
the  magnetic  bay. 

This  effect,  in  addition  to  showing  high  absorption  in 
the  ionosphere  overhead,  frequently  affects  signals  from 
distant  stations.   Two  typical  illustrations  of  magnetic 
bays  and  coincident  polar  radio  blackouts  are  presented 
in  Figure  16.   The  magnetic  disturbance  of  February  7, 
1942,  started  at  09h  50m  GMT.   At  the  same  time,  signals 
from  DJW  on  9.650  mc/sec  dropped  out.    The  magnetic 
bay  lasted  until  about  llh  45m  following  which  recordings 
were  normal.    Signals  from  DJW  began  to  recover  at  llh 
45m  and  reached  normal  about  12h  00m. 

The  magnetic  bay  of  April  28,  1942,  started  about  13h 
50m,  and  lasted  until  15h  40m.    Signals  from  KGEI  on 
7.250  mc/sec  temporarily  increased  from  13h  50m  until 
14h  00m  and  then  dropped  out  very  suddenly.    The  signals 
started  to  recover  at  15h  15m  and  reached  normal  at  15h 
45m. 

Ionospheric  characteristics  during  these  same  mag- 
netic bays  are  reproduced  in  Figure  17  for  February  7, 
1942,  and  Figure  18  for  April  28,  1942.    Records  consist 
of  a  series  of  frequency  sweeps  every  15  minutes  over  a 
range,  16.0-0.516  mc/sec,  with  automatically  recorded 
heights  of  signals  returned  from  the  ionosphere. 

The  records  of  February  7,  1942  (Figure  17),  show 
sporadic  E-region  ionization  from  08h  00m  to  lOh  00m. 
The  first  reflections  are  unchanging  over  a  wide  fre- 
quency range,  coming  from  the  E-region  at  100  km.   Sev- 
eral multiple  echoes  above  the  E -level  are  produced  by 
signals  which  have  traveled  back  and  forth  several  times 
between  E -layer  and  Earth.    The  number  of  multiple 
echoes  provides  an  indication  of  relative  absorption  ex- 
perienced by  the  exploring  radio  signals.   After  lOh  00m 
(coinciding  with  development  of  the  magnetic  bay)  the 
ionospheric  echoes  were  strongly  absorbed.    Occasional 
spotty  echoes  were  recorded,  but  all  multiple  echoes 
disappeared.   After  llh  30m,  an  improvement  was  noted 
and  the  frequency  sweep  at  llh  45m  was  practically  nor- 
mal with  the  same  type  of  sporadic  E  ionization.    Subse- 
quently, the  sporadic  E  gradually  disappeared,  revealing 
the  higher  F2- region. 

The  ionospheric  records  of  April  28,  1942  (Figure  18), 
show  complete  absorption  of  signals  during  the  magnetic 
bay  illustrated  in  Figure  16  which  started  at  13h  50m 
and  recovered  at  15h  40m.   The  effect  is  most  pronounced 
between  14h  00m  and  15h  15m.    Preceding  the  radio  black- 
out sporadic  E-region  ionization  was  in  effect,  but  follow- 
ing the  disturbance  the  ionosphere  appeared  to  be  normal. 
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During  the  period  from  January  to  September,  1942, 
69  significant  magnetic  bays  were  examined.    This  is  an 
average  of  nearly  eight  per  month.   As  mentioned  above, 
in  every  case  ionospheric  absorption  was  indicated  by 
partial  to  complete  disappearance  of  signals. 

The  monthly  distribution  is  as  follows:   January,  5; 
February,  4;  March,  9;  April,  8;  May,  6;  June,  5;  July,  11; 
August,  10;  September,  11;  Total,  69.  These  disturbances 
occurred  most  frequently  at  College  between  lOh  and  16h 
GMT  with  a  maximum  at  12h  GMT.    Other  periods  of  the 
day  were  relatively  free  from  this  effect.    This  distribu- 
tion is  in  general  agreement  with  the  findings  of  Silsbee 
and  Vestine[12]  in  their  studies  of  magnetic  bays. 

An  interesting  feature  of  such  disturbances  is  their 
pronounced  recurrence  tendencies  at  intervals  of  about 
one  day.   This  is  an  established  phenomenon  in  polar  re- 
gions.   Magnetic  bays  frequently  run  in  series  of  two  to 
five  days.   The  time  interval  between  recurring  bays  is 
close  to  24  hours,  and  the  relative  intensity  decreases 
as  the  series  continues.    Figure  19  illustrates  a  three- 
day  recurrence,  January  2,  3,  and  4,  1942,  at  College, 
Alaska. 

Both  the  magnetic  and  radio  effects  can  be  explained 
through  development  of  intense  ionization  in  the  iono- 
sphere below  the  normal  E -layer.   This  is  produced  di- 
rectly or  indirectly  by  impact  or  bombardment  of  the  at- 
mosphere by  rapidly  moving  corpuscles  or  particles 
which  originate  at  the  Sun.    Intense  ionization  in  atmos- 
pheric regions  of  relatively  high  molecular  density 
causes  absorption  of  radio  signals  entering  that  region. 
The  same  ionization,  or  increased  conductivity,  permits 
the  flow  of  electrical  currents  which  react  upon  the 
Earth's  magnetic  field  as  bays  and  other  disturbances. 

Attention  is  invited  to  the  fact  that  the  same  basic 
explanation  of  the  sunlight  radio  fade-out,  namely,  ab- 
sorption due  to  intense  ionization  in  the  lower  ionosphere, 
has  been  offered  by  Dellinger,  and  is  generally  accepted. 
However,  the  ionization  producing  the  sunlight  fade-out 
is  caused  by  ultraviolet  light  from  a  solar  flare  observed 
simultaneously  with  the  fade-out,  while  the  ionization 
producing  the  polar  blackouts,  so  prevalent  during  all 
magnetic  disturbances,  undoubtedly  results  from  particle 
bombardment  (or  equivalent)  having  a  lag  of  one  day  or 
more  from  Sun  to  Earth. 

The  very  frequent  occurrence  of  sporadic  E-region 
ionization  in  the  high  latitudes  likewise  indicates  particle 
bombardment  as  an  explanation.   There  is  probably  a 


close  relationship  between  polar  radio  blackouts  and 
sporadic  E  ionization  since  both  effects  result  from  in- 
tense ionization.    The  only  fundamental  difference  may 
be  in  the  actual  height  at  which  this  ionization  is  pro- 
duced, the  height  being  dependent  upon  velocity  of  the 
particles.    Measurements  show  sporadic  E  ionization  to 
occur  most  frequently  between  100  and  120  km.   It  is 
estimated  that  intense  ionization  at  80  km  will  result 
in  radio  absorption. 

A  significant  deduction  from  these  observations, 
important  to  theoretical  analysis  of  the  Earth's  magnetic 
field,  is  that  current  systems  in  arctic  regions  probably 
are  concentrated  at  levels  below  100  km. 

Knowledge  of  this  dependence  of  radio  wave-propa- 
gation and  ionospheric  absorption  upon  magnetic  bays, 
leads  to  a  better  understanding  of  existing  limitations 
to  high-frequency  radio  communication  in  polar  regions. 
It  also  offers  opportunity  to  apply  these  characteristics 
for  assessment  of  radio  conditions  at  communication  cen- 
ters where  suitable  recording  instruments  are  installed. 

Radio  signals  fail  to  reach  their  destination  for  two 
general  reasons,  namely,  (1)  improper  selection  of  fre- 
quency or  (2)  abnormal  absorption.    Progress  is  being 
made  by  means  of  surveys  of  ionospheric  characteristics 
over  the  world  which  lead  to  long-range  forecasts  of 
optimum  frequency  assignments  for  radio  communica- 
tions over  various  paths  and  distances  under  normal 
conditions.   The  normal  patterns,  however,  are  disrupted 
during  magnetic  and  ionospheric  storms.   Abnormal  ab- 
sorption likewise  occurs  during  magnetic  disturbances. 
Encouraging  progress  is  being  made  in  the  forecasting 
of  magnetic  and  ionospheric  disturbances  through  a  co- 
ordinated program   of  solar  observations.    The  forecasts, 
however,  identify  only  the  more  severe  storms  which  are 
world-wide.   In  polar  regions  numerous  other  radio  black- 
outs, not  identified  in  the  forecasts,  will  continue  to  be 
experienced  during  high-frequency  communications.  Some 
of  the  latter  may  be  forecast  about  24  hours  in  advance 
because  of  the  recurrence  tendencies  shown  in  Figure  19, 
and  all  radio  communication  conditions  may  be  assessed 
for  degree  of  disturbance  by  the  examination  of  a  suitable 
magnetic  recorder.   A  magnetic  instrument  is  mentioned 
for  this  purpose  rather  than  ionospheric  apparatus  be- 
cause of  the  relative  simplicity,  ease  of  operation  and 
maintenance,  and  direct  interpretation  of  visual  records 
which  can  be  achieved.   An  instrument  to  meet  the  above 
requirements  is  now  being  developed. 


SPECIAL    REPORTS 

VERTICAL    DISTRIBUTION    OF    ELECTRONS    FROM    IONOSPHERIC    MEASUREMENTS 

AT    COLLEGE,    ALASKA 

By    S.    L.    Seaton 
(Report  dated  January  17,  1943,  under  contracts  OEM<?r-558  and  NOrd-392) 


On  the  basis  of  accepted  assumptions,  it  is  possible 
to  arrive  at  a  distribution  for  the  equivalent  electrons 
composing  the  ionospheric  layers.    From  such  a  distri- 
bution, the  total  number  of  electrons  in  a  column  verti- 
cally above  the  observing  point  may  be  calculated.    Usu- 
ally this  involves,  to  obtain  a  reliable  measure  of  the 
total  number  of  electrons,  too  much  work  to  permit 
routine  determinations  of  this  important  quantity.    How- 
ever, at  College  in  December  the  ionosphere  comprises 
two  relatively  simple  distributions,  and  these  are  so 
well  separated  that  the  upper  is  little  influenced  by  the 
lower.    Under  these  conditions,  determination  of  the  spa- 
tial distribution  of  electron-density  as  well  as  calcula- 
tion of  the  total  number  of  free  electrons  is  feasible. 

In  order  to  obtain  the  quantities  required  in  calcula- 
tion of  distribution  and  total  number  of  electrons,  it  is 
necessary  to  scale  from  the  original  records  an  addi- 
tional quantity,    r,  which  is  the  semithickness  of  the 
parabolic  maximum  of  electron-density.    Routine  reduc- 
tion of  the  records  includes  determinations  of  the  quan- 
tities hMj  the  height  of  maximum  electron-density,  and 
the  quantity  (f0)2,  proportional  to  the  maximum  electron- 
density  through  a  factor  k  =  1.24  X  10^  if  fo  is  in  mc/sec 
and  the  Lorentz  polarization  term  is  neglected.    Then 
the  maximum  electron-density,  N,  per  cm^  in- an  iono- 
spheric layer  is  given  by 


N  =  k  (fo)2 


(1) 


When  the  semithickness,    t,  of  the  parabolic  maximum 
of  electron-density,  the  maximum  density  N,  and  the 
height  h^  at  which  the  maximum  electron-density  oc- 
curs are  known,  the  distribution  is  completely  deter- 
mined and  the  quantity 


4/3    t  k  (f°)2 


(2) 


representative  of  the  total  number  of  electrons  in  a  ver- 
tical column  one  square  centimeter  in  cross-section  is 
obtainable . 

On  this  basis  Figure  20  shows  average  electron  dis- 
tribution above  College  for  each  hour  during  December, 
1942.    The  systematic  growth  and  decline  of  the  F-layer 
are  in  agreement  with  contemporary  ideas.    Of  particu- 
lar interest  are  the  somewhat  systematic  growth  and  re- 
gression of  the  sporadic  E -layer,  which  reaches  a  max- 
imum near  midnight.    Although  few  observations  are 
available,  it  appears  that  with  the  onset  of  daylight  the 
normal  E -layer  forms  below  the  sporadic  E -layer  and 
conversely,  with  nightfall  the  normal  E -layer  disappears 
at  a  lower  level  than  that  of  the  sporadic  E -layer. 


It  is  evident  from  this  series  of  distributions  that  at 
College  during  December  the  sporadic  E -layer  is  con- 
fined, on  the  average,  to  a  narrow  region  of  the  atmos- 
phere lying  in  height  between  113  and  143  kilometers, 
whereas  the  normal  E -layer  occupies  the  space  between 
93  and  144  kilometers.    Thus, on  the  average,  the  sporad- 
ic E -layer  has  its  average  height  of  maximum  electron- 
density  some  ten  kilometers  above  that  of  the  normal 
E -layer.   If  the  initial  and  final  positions  of  the  normal 
E-layer  with  respect  to  the  sporadic  E-layer,  as  de- 
scribed in  the  previous  paragraph,  are  substantiated  by 
subsequent  observation,  then  in  general  the  normal  E- 
layer  will  be  formed  below  the  level  of  the  sporadic  E- 
layer  and  will  maintain  this  position  during  its  existence, 
disappearing  while  still  at  a  level  below  that  of  the  spo- 
radic E-layer.    It  is  perhaps  significant  that  the  calcu- 
lated average  upper  limits  of  both  the  normal  and  sporad- 
ic E -layers  coincide  at  about  144  kilometers  but  that 
the  normal  E-layer  is  "thicker"  than  the  sporadic  E- 
layer  with  resulting  lower  height  of  maximum  electron- 
density  and  lower  height  of  the  lower  limit  of  ionization. 
In  this  connection,  the  mean  of  300  determinations  of  au- 
roral height  at  College  during  the  corresponding  phase  of 
the  last  sunspot-cycle  gives  a  value  of  136  kilometers, 
i.e.,  about  18  kilometers  above  the  mean  height  of  maxi- 
mum electron-density  of  the  sporadic  E-layer. 

A  summation  of  the  number  of  electrons  in  the  iono- 
sphere regions,  thus 


Z4/3    Tk  (f0)' 


EnEsF 


(3) 


has  been  made,  and  the  values  are  depicted  in  Figure 
21A.    The  maximum  number  of  electrons  is  attained 
shortly  after  noon,  reaching  a  value  of  2.78  X  10*^  on 
the  assumption  that  there  is  no  ionization  between  the 
regions.   A  minimum  value  of  0.44  x  10*2  free  electrons 
is  reached  at  20h,  although  there  are  moderate  ampli- 
tude secondary  minima  throughout  the  night.    From  B, 
C,  and  D  of  Figure  21,  it  is  evident  that  the  F-layer 
makes  by  far  the  largest  contribution  to  the  total  number 
of  electrons  above  College.    The  contribution  of  the  nor- 
mal E-layer  is  almost  negligible  compared  to  the  whole. 
At  night  the  sporadic  E-layer  predominates,  with  totals 
exceeding  those  of  the  F-layer  from  about  20h  on  through 
the  night  until  about  07h  in  the  morning. 

Little  systematic  diurnal  change  in  average  thickness 
of  the  layers  is  apparent.    From  Figure  21E  the  general 
configuration  of  the  ionosphere  is  evident,  showing  a  sys- 
tematic variation  in  level  of  the  F-layer  with  low  values 
at  midday. 
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MEASUREMENTS   OF    HEIGHT   OF    MAXIMUM   ELECTRON   DENSITY 
AT    COLLEGE,   ALASKA,   JUNE,   1941    TO  JUNE,  1944 

By    S.    L.   Seaton 
(Report  dated  May  25,  1945,  under  contracts  NXsr-33809  and  NOrd-392) 


Beginning  with  the  first  observations  of  ionospheric 
phenomena  at  College,  Alaska,  in  June,  1941,  and  con- 
tinuing through  June,  1944,  systematic  reductions  of 
ionospheric  records  in  terms  of  height  of  maximum 
electron-density,  h.M,  were  made  on  the  basis  of  the 
Booker-Seaton  theory  [13].    Figure  22  and  the  values 
given  in  Table  3  were  obtained  from  this  series  of  meas- 
urements.   In  the  figure,  monthly  mean  values  of  h^  for 
E-,  F1-,  and  F2-layers  are  shown.   At  this  station  it  is 
clear  that  the  average  h^F2  goes  through  cyclic  changes 
such  that  greatest  heights  are  found  in  local  midsummer 
and  minimum  heights  in  local  midwinter.    In  the  regions 
denoted  by  "G"  in  Figure  22,  the  average  curve  is  seen 
to  depart  from  observed  values.    The  reason  for  this  is 
as  follows.    Up  to  about  April,  1942,  the  difference  in 
ion-density  between  Fl-  and  F2-layers  was  large,  but 
with  further  decrease  in  F2-layer  ionization  resulting 
from  lessened  solar  activity,  this  density  difference  be- 
came small,  vanishing  around  midday  in  summer  months. 
Consequently,  it  became  impossible  to  make  the  required 
measurements  on  the  F2-layer  around  midday.   Now,  the 
diurnal  variation  in  h^F2  is  such  that  daytime  heights 
exceed  night  values.   Therefore,  in  the  mean,  because  of 
the  statistical  methods  employed,  the  monthly  mean  va- 
lues of  hM  have  numerically  smaller  values  when  some 
midday  measurements  are  missing.   The  mean  curve  is 
therefore  interpolated  across  the  intervals  when  the  in- 
terfering condition  exists  but  is  probably  more  accurate- 
ly placed  than  it  would  have  been  if  it  were  carried 
through  the  observed  points. 

Because  maximum  values  of  hMF2  at  College,  Alaska, 
were  reached  in  midsummer,  it  is  evident  that  the  varia- 
tion observed  is  of  a  seasonal  nature.    Examination  of 
corresponding  measurements  for  Huancayo,  Peru,  and 
Watheroo,  Western  Australia  (both  in  the  Southern  Hem- 
isphere) has  shown  that  maximum  values  of  h^F2  occur 
near  December,  i.e.,  local  summer.   It  appears,  there- 
fore, that  the  observed  cyclic  changes  in  height  of  max- 
imum electron-density  for  the  F2-layer  are  seasonal 
and  are  proportional  to  the  Sun's  elevation. 

The  curve  for  h^Fl  in  Figure  22  shows  a  variation 
noticeably  different  from  that  of  F2-layer.    In  the  first 
place,  a  maximum  is  reached  semiannually  near  March 
and  September,  with  minima  near  December  and  June. 
Similar  curves  for  Huancayo  and  Watheroo,  while  not  in 
disagreement  with  those  for  College,  do  not  show  clearly 
the  systematic  variations  evident  in  Figure  22.    Diurnal- 
variation  studies  show  that  in  winter  Fl-  and  F2-layers 
are  almost  entirely  merged  and  that  there  is  an  over-all 
decrease  in  height  of  the  general  F-layer  structure; 
hence,  a  midwinter  decrease  in  height  is  to  be  expected 
for  the  Fl -layer.   Now,  around  midday  and  especially 
around  midday  in  the  summer,  as  the  F2-layer  height 
increases,  that  of  the  Fl -layer  falls.  Wulf  and  Deming 
have  discussed  this  feature  [14]  and  experimental  evi- 
dence from  the  Southern  Hemisphere  has  indicated  that 
such  variations  are  to  be  expected  generally.    It  appears, 
therefore,  that  cyclic  changes  in  h^Fl  can  be  thus  de- 
scribed, although  there  is  undoubtedly  the  possibility 


that  a  semiannual  cause  associated  perhaps  with  the 
equinoctial  interval  may  operate. 

Values  of  h^E  are  shown  in  the  lower  curve  of  the 
figure.  While  the  variations  of  the  E -layer  are  much 
smaller  than  those  of  the  F-layers,  there  is  a  distin- 
guishable cyclic  change  of  semiannual  period  with  maxi- 
ma near  March  and  September.   Because  of  insufficient 
evidence  from  the  Southern  Hemisphere  and  because  of 
the  small  magnitude  of  the  variations,  to  draw  conclu- 
sions concerning  this  variation  is  not  at  present  justified. 
However,  it  is  interesting  to  point  out  that  the  semiannual 
variation  in  hME  coincides  in  phase  with  that  for  hMFl. 

In  addition  to  the  variations  of  12-  and  6-months' 
period  already  discussed,  there  is  a  long-period  decrease 


Table  3.  Monthly  mean  values,  June,  1941-June,  1944 


Date 

F2-layer 

Fl -layer 

E -layer 

1941 

Jun 

347.2 

234.9 

117.3 

Jul 

338.8 

234.9 

116.0 

Aug 

338.2 

243.0 

120.3 

Sep 

325.0 

247.3 

121.8 

Oct 

308.2 

244.6 

125.2 

Nov 

308.1 

241.3 

118.1 

Dec 

294.8 

211.0 

114.6 

1942 

Jan 

292.0 

223.8 

119.5 

Feb 

299.2 

242.9 

128.4 

Mar 

328.9 

251.9 

129.0 

Apr 

336.3 

254.1 

120.9 

May 

341.9 

240.6 

115.4 

Jun 

351.6 

234.2 

121.8 

Jul 

315.9 

231.5 

112.1 

Aug 

311.3 

231.0 

120.0 

Sep 

302.9 

244.9 

119.2 

Oct 

290.0 

238.0 

113.0 

Nov 

285.0 

245.0 

103.0 

Dec 

284.7 

225.0 

118.5 

1943 

Jan 

275.5 

104.0 

Feb 

289.8 

243.6 

124.2 

Mar 

301.8 

243.6 

114.9 

Apr 

321.6 

245.3 

123.4 

May 

312.5 

234.7 

111.6 

Jun 

302.2 

224.3 

103.8 

Jul 

301.4 

220.9 

115.1 

Aug 

325.6 

239.3 

117.8 

Sep 

320.7 

251.9 

120.5 

Oct 

302.8 

252.7 

Nov 

282.6 

243.4 

Dec 

287.1 

233.3 

1944 

Jan 

276.2 

245.4 

Feb 

282. 1 

237.8 

Mar 

300.7 

242.6 

Apr 

314.4 

233.9 

May 

297.6 

227.8 

Jun 

306.2 

221.6 

SPECIAL    REPORTS 
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in  hMF2  amounting  to  45  km  over  the  three -year  interval. 
There  is  no  detectable  change  in  hMFl  over  the  same  in- 
terval. However,  h^E,  over  a  period  of  27  months,  shows 
a  decrease  of  15  km  which,  if  extended  over  a  three -year 
interval,  would  amount  to  20  km.    Such  variations  may 


perhaps  be  associated  with  changing  solar  activity.    Thus 
the  F2-  and  Fl-  layers  tend  to  come  closer  toether  with 
decreasing  solar  activity  principally  because  of  decrease 
in  h^F2,  and  the  height  of  maximum  electron-density  of 
the  E-layer  tends  to  decrease. 


LITERATURE    CITED 


1.  Gauss,  C.  F.  Allgemeine  Theorie  des  Erdmagnetis- 

mus.   Resultate  aus  den  Beobachtungen  des  mag- 
netischen  Vereins  im  Jahre  1838,  pp.  1-57.    Her- 
ausgegeben  von  C.  F.  Gauss  und  W.  Weber.    Leip- 
zig (1839).   [Republished  in  Gauss,  Werke,  vol.  5, 
pp.  119-180,  Gottingen,  Kgl.  Ges.  Wiss.  (1877). 
English  translation  by  Mrs.  Sabine,  revised  by  Sir 
John  Herschel,  in  Scientific  Memoirs,  edited  by 
Richard  Taylor,  vol.  2,  pp.  184-251,  London  (1841).] 

2.  Stewart,  B.    1878.    Hypothetical  views  regarding  the 

connection  between  the  state  of  the  Sun  and  terres- 
trial magnetism.    Encyclopedia  Britannica,  9th  edi- 
tion, vol.  16,  pp.  181-184. 

3.  Schuster,  A.    1889.    The  diurnal  variation  of  terres- 

trial magnetism.    London  Trans.  R.  Soc,  A,  vol. 
180,  pp.  467-518. 

4.  Lorentz,  H.  A.    1909.    The  theory  of  electrons  and  its 

applications  to  the  phenomena  of  light  and  radiant 
heat.  Leipzig.  B.  G.  Teubner.  [The  basic  theory 
underlying  wave -propagation  in  the  ionosphere  is 
developed  in  this  classical  treatment  of  the  elec- 
tron, originally  presented  in  a  series  of  lectures 
at  Columbia  University  in  1906.] 

5.  Kennelly,  A.  E.    1901.    On  the  elevation  of  the  elec- 

trically conducting  strata  of  the  Earth's  atmos- 
phere.   Elec.  World  Eng.,  vol.  39,  p.  473. 

6.  Heaviside,  O.    1902.    Telegraphy.  I.  Theory.  Ency- 

clopedia Britannica,  10th  edition,  vol.  33,  pp.  213- 
218. 


7.  Breit,  G.,  and  M.  A.  Tuve.    1926.    A  test  of  the  exist- 

ence of  the  conducting  layer.    Phys.  Rev.,  vol.  28, 
pp.  554-575. 

8.  Appleton,  E.  V.,  and  M.  A.  F.  Barnett.   1925.    On 

some  direct  evidence  for  downward  atmospheric 
reflection  of  electric  waves.    Proc.  R.  Soc,  A, 
vol.  109,  pp.  621-641.   Nature,  vol.  115,  pp.  333-334. 

9.  Berkner,  L.  V.,  H.  W.  Wells,  and  S.  L.  Seaton.    1937. 

Automatic  multifrequency  technique  for  ionospheric 
measurements.    Trans.  Edinburgh  Meeting,  1937; 
Internat.  Union  Geod.  Geophys.,  Ass.  Terr.  Mag. 
Electr.  Bull.  No.  10,  pp.  340-357. 

10.  Gilliland,  T.  R.    1934.   Ionospheric  investigations. 

Nature,  vol.  134,  p.  379. 

11.  Gilliland,  T.  R.,  and  G.  W.  Kenrich.    1932.    Prelim- 

inary note  on  an  automatic  recorder  giving  a  con- 
tinuous height  record  of  the  Kennelly-Heaviside 
layer.    Proc.  Inst.  Radio  Eng.,  vol.  20,  No.  3,  pp. 
540-547. 

12.  Silsbee,  H.  B.,  and  E.  H.  Vestine.    1942.   Geomag- 

netic bays,  their  frequency  and  current  systems. 
Terr.  Mag.,  vol.  47,  pp.  195-208. 

13.  Booker,  H.  G.,  and  S.  L.  Seaton.    1940.    Relation  be- 

tween actual  and  virtual  ionospheric  heights.    Phys. 
Rev.,  vol.  57,  pp.  87-94. 

14.  Wulf,  O.  R.,  and  L.  S.  Deming.    1938.    On  the  pro- 

duction of  the  ionospheric  regions  E  and  F  and 
the  lower -altitude  ionization  causing  radio  fade- 
outs.    Terr.  Mag.,  vol.  43,  pp.  283-298. 


FIGURES     1-22 


17 


LIST   OF    FIGURES 

Figure  Page 

1.  Map  showing  location  of  University  of  Alaska  at  College  in  relation  to  Fairbanks,  Alaska   ....  19 

2.  Eielson  Memorial  Building  of  University  of  Alaska,  viewed  from  southwest .  20 

3.  University  of  Alaska,  College,  Alaska     20 

4.  Location  of  university  buildings,  ionosphere  antennas,  and  structures  housing  supplementary 

instruments  at  College 21 

5.  Automatic  multifrequency  ionospheric  apparatus      22 

6.  Block  diagram  showing  connection  of  units  of  automatic  multifrequency  apparatus      .......  22 

7.  Photographic  recorder  of  automatic  multifrequency  apparatus        22 

8.  Frequency  versus  time  during  one  sweep  of  automatic  multifrequency  apparatus     23 

9.  Rate  of  change  of  frequency  versus  frequency  and  time  and  values  of  Af  for  ten  pulses  per  second  23 

10.  Simplified  schematic  diagram  of  essential  details,  radiofrequency  power  circuits 23 

11.  Automatic  tuning  unit  (covers  removed)     24 

12.  Details  of  selector  arms     24 

13.  Design  of  band  switch       25 

14.  Details  of  antenna -tuning  network     25 

15.  Normal  ionospheric  records  at  College,  Alaska,  for  four  seasons  of  the  year     26 

16.  High  absorption  at  College,  Alaska,  during  magnetic  bays      27 

17.  Ionospheric  records  showing  high  absorption  at  College,  Alaska,  coinciding  with  magnetic  bay, 

09h  45m  to  llh  45m,  GMT,  February  7,  1942       28 

18.  Ionospheric  records  showing  high  absorption  at  College,  Alaska,  coinciding  with  magnetic  bay, 

13h  45m  to  15h  30m,  GMT,  April  28,  1942      29 

19.  Typical  recurrences  of  magnetic  bays  at  College,  Alaska       30 

20.  Mean  electron  distribution  at  hourly  intervals  at  College,  Alaska,  December,  1942     31 

21.  Average  total  number  of  free  electrons  in  vertical  column  of  cm^  cross-section  above  College, 

Alaska,  during  December,  1942 32 

22.  Monthly  mean  values  of  height  of  maximum  electron-density,  June,  1941,  to  June,  1944,  at 

College,  Alaska     33 


18 


13 

fa 


bo 
0) 

I— t 

"o 
U 


■a 


o 

•*■> 
In 
»i 
v 
t> 

■a 
p 


c 
o 

13 

u 

o 

I— I 

ft 

1 

in 

a 

s 


to 
fa 


19 


Fig.  2.  Eielson  Memorial  Building  of  University  of  Alaska,  viewed  from  southwest 


Fig.  3.  University  of  Alaska,  College,  Alaska 
20 
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Fig.  5.  Automatic  'multif requency  ionospheric  apparatus 
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Fig.  7.  Photographic  recorder  of  automatic  multifrequency 
apparatus 


Fig.  6.  Block  diagram  showing  connection  of  units 
of  automatic  multifrequency  apparatus 
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Fig.  8.  Frequency  versus  time  during  one  sweep  of 
automatic  multifrequency  apparatus 


Fig.  9.  Rate  of  change  of  frequency  versus  frequency  and 
time  and  values  of  Af  for  ten  pulses  per  second 
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Fig.  10.  Simplified  schematic  diagram  of  essential  details,  radiofrequency  power  circuits 
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Fig.  11.  Automatic  tuning  unit  (covers  removed) 


Fig.  12.  Details  of  selector  arms 
24 


Fig.  13.  Design  of  band  switch 
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Fig.  14.  Details  of  antenna -tuning  network 
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Fig.  16.  High  absorption  at  College,  Alaska,  during  magnetic  bays 
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Fig.  20.  Mean  electron  distribution  at  hourly  intervals  at  College,  Alaska,  December,  1942 
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Fig.  21.  (A)   Average  total  number  of  free 
electrons  in  vertical  column  of  cm^  cross - 
section  above  College,  Alaska,  during  De- 
cember, 1942 

(B)  Contribution  of  the  F -layer  to  (A) 

(C)  Contribution  of  the  sporadic  E -layer 

to  (A) 

(D)  Contribution  of  the  normal  E  -layer 

to  (A) 

(E)  Average  configuration  of  ionospheric 

layers  during  December,  1942 
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Fig.  22.  Monthly  mean  values  of  height  of  maximum  electron-density,  June,  1941,  to  June,  1944,  at 
College,  Alaska 
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HOURLY   VALUES   OF   IONOSPHERIC   MEASUREMENTS,    1941-1946 
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EXPLANATORY    NOTES    AND    COMMENTS 


Hourly  values  for  six  components  are  shown  on 
monthly  tabulations  in  the  following  tables.    The  data 
are  tabulated  for  all  months  from  July,  1941,  through 
June,  1946,  a  period  of  five  years.    Definitions  for  the 
six  components  were  adopted  at  the  International  Radio 
Propagation  Conference  at  Washington,  D.  C,  in  April 
and  May,  1944.   These  were  stated  as  follows: 

(1)  fQF2.- -Critical  frequency  of  ordinary  wave- 
component  F2-region 

(2)  h'F2. --Minimum  virtual  height  of  F2-layer 

(3)  f°Fl. --Critical  frequency  Fl -region.  This  is  not 
to  be  reported  unless  there  is  a  definite  and  abrupt  change 
in  the  h'f  curve  either  for  the  first  reflections  or  for  one 
of  the  multiples. 

(4)  h'Fl.- -Minimum  virtual  height  of  Fl -region. 
This  is  to  be  recorded  whenever  f°Fl  is  identified. 

(5)  f°E. — Critical  frequency  of  normal  E -layer. 
This  is  to  be  reported  only  when  there  is  group-retarda- 
tion seen  at  the  E-region  echo;  when  stratification  or 
other  ionization  effects  are  observed  between  the  E-  and 
Fl -layers,  as  often  occurs,  the  appropriate  symbol  H, 
adopted  by  the  International  Radio  Propagation  Confer- 
ence, is  to  be  used  to  identify  the  condition. 

(6)  f  (min). — Lowest  frequency  atwhich  reflections  are 
recorded.  This  is  required  only  for  stations  using  Depart- 
ment of  Terrestrial  Magnetism  multif  requency  recorders. 

Symbols  for  missing  values. — All  recorded  values 
have  been  tabulated;  for  each  hour  when  a  value  has  not 
been  available,  an  appropriate  symbol  has  been  substi- 
tuted to  indicate  the  cause.   The  symbols  used  here  are 
those  recommended  at  the  International  Radio  Propaga- 
tion Conference  previously  mentioned.   The  symbols  and 
their  meanings  are  as  follows: 

(         )    -  doubtful  value  (degree  or  type  of  doubtfulness 
to  be  specified  in  footnotes). 

[         ]    -  interpolated  value. 

A  or  a  -  characteristic  not  measurable  because  of 
blanketing  by  sporadic  or  abnormal  E. 

B  or  b  -  characteristic  not  measurable  because  of  loss 
of  trace  due  to  absorption,  either  partial  or 
complete. 

C  or  c  -  characteristic  not  measurable  because  of  loss 
of  trace  due  to  equipment  failure  or  inter- 
ference. 

D  or  d  -  characteristic  higher  than  upper  limit  of  re- 
corder. 

E  or  e  -  characteristic  less  than  lower  limit  of  recorder. 

F  or  f    -  spread  echoes  present  (if  spread  echoes 
obscure  the  characteristic,  no  numerical 
value  is  given). 


G  or  g  -  f°F2  equal  to  or  less  than  fOFl. 

H  or  h  -  stratification  observed  within  the  region. 

J   or  j    -  ordinary-wave  critical  frequency  deduced  from 
measured  extraordinary-wave  critical  fre- 
quency. 

K  or  k  -  ionosphere  storm  in  progress  (optional  for  sta- 
tions desiring  to  indicate  certain  hourly  va- 
lues in  this  manner). 

Daily  and  monthly  mean  values. — Daily  mean  values 
have  been  provided  only  for  complete  days  in  the  column 
at  the  right-hand  side  of  each  tabulation.   Across  the  bot- 
tom of  the  tabulation,  monthly  mean  values  are  provided 
through  December,  1944,  for  each  hour  of  the  day.   The 
number  of  values  in  each  of  the  vertical  hourly  columns 
varies  greatly,  in  some  cases  only  two  or  three  values 
being  available  for  obtaining  the  mean,  and  in  other 
cases  all  30  or  31,  depending  on  the  hour  of  the  day.  Re- 
gardless of  the  number  of  individual  values  in  each  of 
the  24  columns,  the  mean  values  for  these  columns  are 
given  equal  weight  in  taking  the  final  mean  value  for  the 
whole  month,  which  is  shown  at  the  foot  of  the  column  of 
daily  means  at  the  right  of  the  table.   It  must  be  empha- 
sized that  this  monthly  mean  is  not  the  average  of  the 
daily  means  above  it,  but  is  the  average  of  the  24  mean 
values  in  the  horizontal  row  across  the  bottom  of  the 
table.   Mean  values  on  the  original  monthly  tabulations 
were  carried  out  to  one  significant  figure  beyond  the  re- 
corded values,  but  in  the  present  volume  these  have  been 
rounded  off  to  the  same  decimal  place  as  the  hourly  values. 

Monthly  median  values. — At  the  Radio  Propagation 
Conference  in  April,  1944,  it  was  decided  that  the  taking 
of  monthly  means  for  ionospheric  data  should  be  discon- 
tinued and  median  values  should  be  taken  instead.   At 
College  Observatory,  the  practice  of  taking  medians  was 
begun  in  January,  1945,  and  all  tabulations  from  January, 
1945,  to  June,  1946,  show  monthly  median  values  rather 
than  monthly  mean  values. 

Note  on  Fl  data. --In  certain  midwinter  months,  the 
Fl -layer  usually  was  merged  into  the  general  F-layer 
and  consequently  did  not  exist  as  a  separate  entity.    Only 
scattered  hourly  values  were  recorded  for  the  months  of 
December,  1941;  January  and  December,  1942;  December, 
1943;  January  and  November,  1944;  and  February,  1946; 
no  values  were  recorded  in  the  months  of  January,  1943; 
December,  1944;  January,  November,  and  December, 
1945;  and  January,  1946.    The  few  values  recorded  in  the 
first  seven  months  listed  are  given  in  Table  4.    Full- 
page  tabulations  for  all  13  months  are  omitted  in  the 
group  of  tables  which  follows. 
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Table  4.    Scattered  hourly  values  of  Fl -layer,  midwinter  months,  College  Observatory 
(Tabular  values  obtained  in  first  15  minutes  following  the  hours  indicated) 


Day 

Critical  frequenc 

y  of  Fl- 

-layer,  expressed 

Minimum  vi 

rtual  height  of  Fl -layer 

in  megacycles  per  second 

expres 

»sed  in  kilometers 

December,  1941 

03h 

lOh 

llh 

12h      13h 

03h 

lOh 

llh 

12h 

13h 

1 

3.1 

145 

3 

3.2 

230 

16 

3.2 

3.2 

215 

210 

27 

2.9      3.1 

245 

235 

January,  1942 

llh 

12h 

13h 

14h 

llh 

12h 

13h 

14h 

8 

3.0 

2.4 

11 

3.2 

3.3 

210 

24 

2.5 

p2.6 

2.6 

230 

25 

2.6 

2.8 

26 

2.7 

2.4 

230 

27 

2.7 

28 

2.5 

2.6 

31 

2.7 

2.7 

2.4 

225 

200 

December,  1942 

llh 

12h 

14h 

15h 

llh 

12h 

14h 

15h 

2 

3.0 

240 

18 

2.6 

230 

28 

2.9 

222 

31 

2.6 

208 

December,  1943 

llh 

12h 

llh 

12h 

6 

3.3 

215 

8 

3.3 

245 

10 

2.2 

2.2 

... 

January,  1944 

lOh 

llh 

12h 

13h      14h 

lOh 

llh 

12h 

13h 

14h 

4 

2.3 

235 

5 

3.3 

225 

27 

3.3 

3.0 

270 

240 

28 

3.0 

250 

29 

3.3 

225 

30 

3.1 

3.3 

3.3 

245 

240 

235 

31 

3.0 

3.0 

3.1      3.1 

... 

230 

... 

November,  1944 

llh 

llh 

t 

5 

3.2 

V 

February,  1946 

09h 

lOh 

llh 

12h 

09h 

lOh 

llh 

12h 

13 

3.2 

3.4 

275 

260 

14 

3.4 

3.2 

235 

265 

24 

3.2 

235 

25 

3.3 

3.5 

3.6 

3.8 

250 

235 

250 

230 

26 

3.5 

4.0 

240 

230 

27 

3.3 

220 

28 

3.5 

215 
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AURORAL    RESEARCH    AT    COLLEGE,    ALASKA,     1941-1944 


INTRODUCTION 


When  it  was  decided  to  undertake  the  program  of 
ionospheric  studies  which  has  been  discussed  in  the 
present  volume,  the  possibility  was  considered  of  add- 
ing a  program  of  investigation  of  the  aurora.   A  survey 
was  made  of  the  methods  employed  in  previous  auroral 
studies  with  a  view  of  adopting  similar  instruments  and 
procedures.    From  this  survey  it  appeared  that  sufficient 
time,  funds,  and  personnel  would  not  be  available  for  de- 
terminations of  auroral  height  by  the  star -parallax 
method  which  had  been  used  previously  in  observations 
at  the  University  of  Alaska.   However,  the  cameras  uti- 
lized in  that  work  were  reconditioned  with  the  expecta- 
tion that  they  might  be  of  use  in  a  new  auroral  program. 
Spectrographs  equipment  appeared  initially  to  be  un- 
available, and  no  plans  were  made  for  work  with  such 
instruments;  however,  after  the  beginning  of  auroral 
observations,  it  was  discovered  that  two  spectrographs 
used  in  earlier  work  were  still  in  the  physics  depart- 
ment at  the  University.   One  of  these  was  reconditioned 


and  some  work  was  done  with  it.    The  results  obtained 
did  not  appear  to  justify  an  extended  program,  however, 
and  the  work  was  discontinued. 

As  the  ionospheric  program  was  to  be  the  major  re- 
search project,  a  method  of  studying  the  aurora  was 
sought  which  would  express  auroral  changes  in  such 
terms  as  could  be  correlated  statistically  with  iono- 
spheric changes.    Such  a  method  would  require    that 
the  auroral  changes  be  described  numerically  so  that 
comparison  could  be  made  with  numbers  representing 
ionospheric  changes.    Two  types  of  observations  were 
finally  decided  upon:    (a)  description  of  auroral  activity 
based  on  visual  examination,  with  measurements  of  in- 
tensity each  30  minutes;  (b)  automatic  photographic 
studies  of  the  zenith  each  two  and  one-half  minutes.   It 
was  anticipated  that  the  information  obtained  under  (a) 
could  be  reduced  to  characteristic  numbers  through  a 
coding  system,  and  that  the  data  under  (b)  could  be  ex- 
pressed directly  in  terms  of  numbers. 


BUILDINGS   AND    PERSONNEL 


Space  was  provided  in  the  Eielson  Memorial  Build- 
ing of  the  University  of  Alaska  for  the  analytical  work 
required  in  the  auroral  program.    Photographic  equip- 
ment was  installed  in  the  darkroom  for  film  processing. 
During  the  winters  of  1941-1942  and  1942-1943,  a  canvas 
shelter  for  the  automatic  camera  required  for  the  pro- 
gram indicated  under  item  (b)  was  located  as  shown  in 
Figure  4  in  the  preceding  section  of  this  volume.    For 
the  winter  of  1943-1944,  the  shelter  was  moved  to  a  po- 
sition west  of  the  magnetic  buildings  (see  lower  part  of 
Figure  4),  where  local  illumination  was  less  troublesome. 
The  shelter  was  about  sixfeet  square  and  seven  feet  high, 
made  of  canvas  on  a  wooden  framework,  with  a  wooden 
door  and  plywood  floor.   In  the  roof  a  removable  hatch 
was  provided  through  which  the  zenith  could  be  viewed 
by  the  camera.    Electric  light  and  power  circuits  and 
wiring  for  the  controls  of  the  camera  were  provided  in 
the  shelter.   To  support  the  camera  a  heavy  wooden 
table  was  built  on  posts  set  into  the  ground.   Suitable 
shelf  space  was  provided  for  films  and  accessories. 


Personnel 

The  names  of  observers  who  made  the  auroral  ob- 
servations during  the  period  from  October,  1941,  to 
August,  1944,  are  given  in  Table  1. 


Table  1. 

Obse 

rvers,  auroral  program 

Observer 

Period 

B.  J.  Atkinson 
A.  Heinrich 
M.  Stutzman 
K.  Wier 
W.  H.  Rolfe 
J.  Haight 
T.  Raivo 
F.  Sarri 
P.  Clayton 
R.  L.  Smith 


Oct.,  1941 
Oct.,  1941 
May,  1942 
Sep.,  1942- 
Sep.,  1942- 
Nov.,  1942 
Nov.,  1942 
Nov.,  1942 
Nov.,  1942 
Jan.,  1943- 


-Jan.,  1942 
-Jan.,  1942 
-Nov.,  1942 
-May,  1943 
-Aug.,  1944 
-Dec,  1942 
-Jan.,  1943 
-Jan.,  1943 
-May,  1943 
Apr.,  1943 


DESCRIPTION   OF   INSTRUMENTS   AND   INSTRUMENTAL    PROCEDURES 


For  manual  use  in  the  program  under  item  (a)  above, 
two  instruments  were  provided,  namely,  a  Gartlein  vis- 
ual photometer  and  a  small  portable  spectroscope.   At- 
lases of  auroral  forms  were  kept  at  hand  in  order  that 
descriptions  of  auroral  activity  might  be  made  to  con- 
form with  accepted  practice.   A  coding  system  was  set 
up  by  which  observers  recorded  what  they  saw  in  terms 
of  numbers. 

The  photographic  equipment  was  designed  by  H.  W. 
Wells  of  the  Department  staff  after  consultation  with 
Professor  Gartlein.   It  consisted  originally  of  a  Paillard- 
Bolex  16  mm  movie  camera  with  turret  lenses,  together 
with  timing  and  counting  mechanisms,  all  mounted  in  an 


insulated  box.   A  solenoid  mechanism  was  connected  to 
the  camera  so  that  "bulb"  exposures  determined  by  the 
electrical  timers  could  be  made.    The  box  was  electri- 
cally heated  and  equipped  with  a  circulating  fan;  it  was 
mounted  on  leveling  foot  screws  and  had  a  transparent 
window.    Figures  1  and  2  at  the  end  of  this  discussion 
show  the  construction  of  the  camera  assembly.    Pan- 
chromatic Super  XX  16  mm  film  was  used  in  the  camera, 
and  developing  solution  DK-60-A  (Eastman  Kodak  Com- 
pany) was  used  throughout  in  the  processing. 

During  the  winters  1941-1942 and  1942-1943, bothpro- 
grams  (a)  and  (b)  were  carried  out.  Visual  observations 
were  made  in  the  lee  of  one  of  the  University  buildings 
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where  the  observer  was  shielded  from  campus  lighting. 
In  the  visual  work  an  appropriate  interval  was  allowed 
for  the  eye  to  accommodate  itself  to  the  night  sky  before 
observations  were  made. 

It  was  not  until  the  summer  of  1943  that  the  auroral 
photographs  were    carefully  examined.    At  this  time,  it 
was  discovered  that  the  camera  and  auxiliary  controls 
had  not  been  functioning  properly  on  numerous  occasions. 
Furthermore,  in  the  visual  program  it  was  found  diffi- 
cult to  translate  observations  into  suitable  quantitative 
data  which  could  be  used  in  statistical  studies  in  con- 
nection with  ionospheric  data.    On  the  basis  of  this  sur- 
vey, it  was  concluded  that  the  auroral  program  for  the 
winter  of  1943-1944  should  be  changed  and  the  equipment 
modified. 

As  one  of  the  major  changes,  it  was  decided  to  dis- 
continue entirely  the  visual  program.    In  connection  with 
the  program  of  photographing  the  zenith,  several  altera- 
tions to  the  camera  controls  were  decided  on.    In  the 
previous  two  winters  the  timing  devices  for  the  camera, 
which  were  Telechron  clock  mechanisms,  had  been  op- 
erated from  the  local  60-cycle  power  source,  and  diffi- 
culties had  arisen  in  keeping  them  synchronized  with 
other  apparatus  because  the  local  power -supply  fre- 
quency was  not  well  controlled.    In  view  of  this,  the  au- 
roral camera  controls  had  to  be  reset  frequently  to  cor- 
rect for  cumulative  time  errors.    In  addition,  faulty  op- 
eration of  contactors  resulted  in  loss  of  control  over 
both  exposure -time  and  frame -identification,  and  am- 
biguities existed  which  it  became  impossible  to  resolve. 
Furthermore,  the  wide-angle  lense  which  was  used  gave 
poor  results  which  were  not  detected  until  the  auroral 
photographs  were  studied. 

Changes  made  in  the  camera  and  its  controls  were 
as  follows: 

(1)  The  camera  and  control  assembly  were  modified 
so  that  only  the  camera,  heaters,  fan,  solenoid  mechan- 
ism, and  frame -tagging  light  remained  in  the  insulated 
box. 

(2)  All  control  mechanisms  were  removed  to  the 
ionospheric  laboratory  and  wired  from  there  to  the 
camera  unit. 

(3)  The  shelter  for  the  camera  was  moved  to  the  new 
location  to  avoid  local  scattered  light. 

(4)  Precise  timing  of  exposure  and  frame -identifica- 
tion were  provided  for  by  construction  of  contactors 
working  directly  from  the  cam  shaft  of  the  ionospheric 
equipment. 

(5)  Two  General  Electric  Company  time -switches 
were  installed  to  control  the  main  on-off  operation  of 
the  camera.    These  switches  were  pre-set  to  turn  the 
camera  off  one  hour  before  sunrise  and  on  one  hour  af- 
ter sunset,  and  also  on  or  off  in  response  to  the  Moon's 
position. 

Changes  in  procedure  included  the  following: 

(1)  A  film  standardizing  procedure  was  worked  out 
by  careful  testing  before  the  beginning  of  the  winter  sea- 
son. 

(2)  A  detailed  log  of  operations  was  set  up. 

(3).  Film  was  processed,  identified,  and  examined 
promptly  so  that  any  difficulties  with  the  apparatus 
could  be  corrected  at  once  and  ambiguities  avoided  as 
much  as  possible. 

With  these  modifications  in  equipment  and  procedure, 
and  with  details  of  observations  as  described  below,  sat- 
isfactory results  were  obtained  in  the  auroral  program 
in  the  winter  of  1943-1944.    The  data  obtained  during  this 


period  are  summarized  in  Table  2  which  follows  this 
discussion. 

In  the  automatic  photographing  of  the  aurora,  the 
camera  was  pointed  toward  the  zenith,  the  Hugo-Meyer 
f  1-5  lens  was  set  at  a  focus  of  infinity,  and  the  exposure- 
time  for  each  frame  was  maintained  at  23  seconds. 
Photographs  were  made  at  intervals  of  two  and  one -half 
minutes  during  hours  free  from  both  moonlight  and  twi- 
light.  At  intervals  of  15  minutes,  a  cam  operated  by  a 
Telechron  switch  closed  contactors  which  operated  both 
a  lamp  in  the  camera  box  and  the  camera  shutter  in  such 
a  manner  as  to  introduce  a  dark  frame  on  the  film.    The 
dark  frames  occurred  just  before  the  start  of  each  15- 
minute  interval,  i.e.,  at  approximately  1  minute  before, 
at  14  minutes  after,  29  minutes  after,  and  44  minutes 
after  the  hour.    The  start  of  each  individual  exposure, 
except  for  the  timing  exposures,  coincided  with  the  be- 
ginning of  each  frequency  band  on  the  ionospheric  record. 
General  control  of  the  camera  from  the  ionospheric  lab- 
oratory was  maintained  by  operation  of  a  Telechron 
time -switch  which  established  on  and  off  times,  and  by 
cam-operated  contactors  mounted  on  the  cam  shaft  of 
the  ionospheric  equipment  which  controlled  the  exposure 
times.    Manual  control  of  the  timing  was  obtained  twice 
nightly  in  the  following  manner: 

(1)  The  camera  was  caused  to  view  an  illuminated 
slate  upon  which  were  written  the  date,  time,  and  condi- 
tion of  "seeing"  for  the  zenith. 

(2)  Coded  dark  frames  were  introduced  on  the  film 
and  the  time  of  the  exposure  to  follow  was  noted  in  the 
operating  log;  for  example,  at  21h  58m  a  blank  frame 
followed  by  two  dark  frames,  another  blank  frame,  two 
more  dark  frames,  and  finally  a  blank  frame,  provided 
a  code  sequence  indicating  that  the  next  exposure  would 
occur  at  exactly  22h  00m. 


Difficulties    With    Apparatus 

With  the  revised  photographic  methods  used  in  the 
winter  of  1943-1944,  most  of  the  difficulties  encountered 
during  the  previous  winters  were  resolved.   Among  re- 
maining difficulties,  however,  the  principal  one  was 
unsatisfactory  functioning  of  the  Paillard-Bolex  camera 
mechanism.   Both  shutter  and  film  take-up  gave  trouble. 
Toward  the  end  of  the  season  the  take-up  mechanism 
failed  completely,  and  the  camera  was  returned  to  the 
factory  for  repairs,  thus  terminating  the  auroral  pro- 
gram at  College. 

One  other  difficulty  may  be  mentioned.    The  solenoid 
mechanism  and  circulating  fan  in  the  camera  housing 
gave  rise  to  local  vibrations  which  caused  blurring  of 
star  images  on  the  film.    Since  the  star  patterns  on  the 
film  were  used  during  analysis  to  determine  whether  or 
not  haze  existed  in  the  zenith,  the  blurring  had  to  be  re- 
duced as  much  as  possible,  and  to  accomplish  this  the 
use  of  the  circulating  fan  was  discontinued.    The  sole- 
noid had  to  be  retained  pending  design  of  a  new  control 
device  operated  by  direct  current  rather  than  alternat- 
ing current. 


Calibrations 

Satisfactory  calibration  procedures  were  evolved, 
giving  complete  control  of  calibration  with  one  exception 
which  will  be  mentioned  later. 
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After  exposure,  each  length  of  film  was  developed 
as  follows:    rolls  one  and  two  to  a  contrast  defined  by 
gamma  =  1.2  and  succeeding  rolls  to  gamma  =  1.4.   In 
addition,  to  maintain  control  of  analysis  independent  of 
the  foregoing,  a  strip  of  film  was  exposed  under  known 
conditions  in  the  following  manner: 

(1)  Intensity  of  sky  light  was  chosen  equal  to  ten-foot 
candles  by  means  of  a  photoelectric  exposure  meter. 

(2)  A  series  of  1/30  second  exposures  was  made  at 
each  f  stop  starting  with    f  1.5,  thus  providing  a 
"wedge"  of  intensity  values  for  comparison  purposes. 

(3)  During  an  auroral  display  visual  photometer 
readings  were  taken  and  later  compared  with  the  film 
and  the  wedge  of  item  (2),  thus  establishing  wedge  va- 
lues in  terms  of  auroral  intensity. 

(4)  On  each  100-foot  section  of  film  a  wedge  as  in 
item  (2)  was  made  so  that  in  analysis  equal  values  of 
intensity  corresponded  despite  inequalities  of  film  proc- 
essing.  The  exposure  of  the  wedge  and  development  of 
film  were  controlled  as  carefully  as  possible  to  insure 
constancy  of  assigned  intensity  values  from  one  roll  to 
the  next. 

(5)  No  observations  were  made  during  moonlight, 
twilight,  snowfall,  rain,  or  heavy  overcast. 

For  evaluating  the  intensity  of  zenith  aurora,  a  box 
was  constructed  having  a  piece  of  opal  glass  as  its  top 
and  containing  a  fairly  strong  light.    Film  winders  were 
fastened  to  opposite  sides  of  the  box.    The  density  step- 
wedge  prepared  under  item  (2)  above  was  placed  on  the 
glass  and  the  film  moved  across  the  glass  near  it.   The 
film  and  wedge  were  viewed  while  the  room  was  lighted 
normally  without  affecting  the  accuracy  of  measurement. 
About  ten  frames  were  illuminated  simultaneously,  each 
frame  being  compared  in  turn  with  the  wedge,  and  the 
intensity  of  the  auroral  thus  determined.    Each  frame 
was  assigned  an  intensity  number  ranging  from  zero  to 
nine  based  on  the  maximum  intensity  of  the  frame.    (In 
a  few  instances  numbers  greater  than  nine  were  assigned 
by  estimate  when  unusually  intense  aurora  exceeded  the 
calibration  range.)  Under  this  procedure,  the  assigned 
values  correspond  to  the  same  auroral  intensity  as 
measured  by  the  Gartlein  photometer.    An  increase  in 
density  of  one  equivalent  photometer  unit  corresponds 
to  a  doubling  of  intensity  of  the  aurora.   The  weakest 
densities  were  arbitrarily  assigned  a  value  of  two.  Va- 
lues of  one  were  not  recorded  because  the  density  cor- 
responding to  night-sky  light  was  about  two  to  three. 
Such  an  intensity  is  approximately  equivalent  to  illumi- 
nation from  a  standard  candle  at  60  meters  distance.   A 
value  of  zero  assigned  to  a  frame  corresponded  to  ab- 
sence of  aurora. 

By  means  of  the  operating  log,  the  coded  sequences 
on  the  film,  and  the  15-minute  time  marks,  each  film 
was  marked  with  date  and  time.   On  only  two  occasions 
was  there  an  uncertainty  in  identification  of  the  time  of 
an  exposure  as  great  as  2.5  minutes.    Over  the  season 
under  consideration  approximately  20,000  frames  were 
exposed,  of  which  about  10,800  were  found  free  of  haze, 
clouds,  and  other  undesirable  effects.   In  the  absence  of 
adequate  knowledge  of  zenith  meteorology,  visibility  of 
stars  was  used  to  supplement  information  in  the  operat- 
ing log.    Star  charts  were  used  to  determine  the  mag- 
nitude and  pattern  of  stars  present  in  the  field  of  view 
of  the  camera;  if  stars  of  the  first  and  second  magni- 
tude were  in  the  field  of  view,  the  absence  of  their 
images  from  the  film  definitely  indicated  overcast  ze- 
nith of  thick  haze.   The  weaker  stars  were  obscured 


photographically  by  a  haze  which  permitted  their  visual 
observation.   In  all  doubtful  cases,  absence  of  star  im- 
ages was  taken  to  indicate  cloudiness,  and  the  frames 
were  rejected. 

The  angle  subtended  by  the  Hugo-Meyer  f  1.5  lens 
was  17  degrees,  so  that  at  a  height  of  100  km  a  disc 
nearly  30  km  in  diameter  was  viewed  by  the  auroral 
camera. 


Discussion    of    Accuracy    of    Results 

There  is  an  inherent  uncertainty  in  reduction  of  the 
auroral  photographs  to  terms  of  equivalent  photometer 
values.    The  density  of  exposed  film  may  be  the  result  of 
a  quiet,  diffuse  aurora  of  the  specified  intensity,  or  it 
may  be  the  result  of  a  more  intense  aurora  which  has 
moved  across  the  field  of  view  during  the  exposure. 
There  appears  to  be  no  way  of  resolving  this  uncertainty. 
In  some  photographs  definite  auroral  structure  was  evi- 
dent.   Such  structure  is  indicated  in  the  table  of  data  by 
the  letter  "s"  placed  beside  the  tabular  value.   All  re- 
ductions are  in  terms  of  greatest  intensity  value  rather 
than  average  over  the  frame. 

Automobile  headlights  pointed  towards  the  camera 
site  caused  general  darkening  of  the  film  if  a  slight  haze 
was  present.    This  darkening  of  the  film  was  the  same  as 
that  caused  by  a  rapidly  moving  zenith  aurora.   Isolated 
cases  of  a  general  darkening  of  a  frame  were  usually  as- 
sumed to  be  caused  by  extraneous  light  and  were  tabulat- 
ed as  lost  record. 

Tabular  quantities  are  considered  accurate  to  plus  or 
minus  one  equivalent  photometer  value.    The  film  density 
corresponding  to  an  auroral  intensity  of  two  or  three  is 
low,  but,  so  far  as  could  be  determined,  the  camera  re- 
corded all  visible  zenith  aurora  in  a  clear  sky,  with  the 
exception  of  weak  aurora  sweeping  rapidly  across  the 
zenith.    Some  difficulty  was  found  in  determining  accu- 
rately the  time  of  ending  of  some  diffuse  aurora  which 
decreased  slowing  in  intensity  instead  of  moving  out  of 
the  field  of  view.    The  beginning  of  even  this  type  of  au- 
rora was  in  general  much  more  definite.    Thus,  the  er- 
rors in  recording  the  occurrence  of  aurora  in  the  tabu- 
lated results  include  at  most  (a)  very  weak,  rapidly  mov- 
ing aurora  generally  not  recorded;  (b)  error  in  time  of 
ending  of  very  weak,  diffuse  aurora;  (c)  a  few  isolated 
frames  actually  darkened  by  rapidly  moving  aurora,  as- 
sumed to  be  darkened  by  extraneous  light  and  discarded. 

The  recorded  values  of  auroral  intensity  are  not 
necessarily  accurate  measurements  of  the  instantaneous 
intensity,  but  represent  integrated  intensity  over  a  23- 
second  interval.  When  an  aurora  is  relatively  motion- 
less during  an  exposure,  the  recorded  intensity  is  the 
same  as  the  instantaneous  intensity,  but  when  the  aurora 
is  in  rapid  motion  the  instantaneous  intensity  may  be 
considerably  greater  than  the  recorded  value. 

No  correction  can  be  made  for  motion  because  the 
photographs  of  rapidly  moving  and  of  stationary  diffuse 
aurora  are  not  differentiable.   It  is  also  not  possible  to 
assign  values  either  to  the  activity  or  to  the  extent  of 
the  aurora.    Since  the  photographs  cover  only  a  small 
area  around  the  zenith,  the  actual  area  covered  by  a 
given  auroral  display  is  not  usually  known;  also,  auroral 
motion  would  prevent  a  trustworthy  estimate  of  area  at 
a  given  time.    The  possibility,  therefore,  of  compensating 
for  loss  of  intensity  due  to  motion  by  inclusion  of  cover- 
age is  small. 
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AURORAL   RESEARCH   AT   COLLEGE,   ALASKA 


DISCUSSION   OF   DATA 


When  the  auroral  data  had  been  reduced  to  tabular 
form,  a  comparison  of  these  numbers  with  various  iono- 
spheric layer  variations  and  with  changes  in  the  Earth's 
magnetic  field  was  undertaken. 

In  confirmation  of  the  work  of  earlier  investigators, 
the  connection  between  zenith  aurora  and  departures 
from  the  quiet  day  mean  of  horizontal  intensity  of  the 
Earth's  magnetic  field  was  found  to  be  very  close. 

For  the  first  time,  it  became  possible  to  examine 
simultaneous  and  almost  continuous  records  of  iono- 
spheric phenomena  and  zenith  auroral  intensity.    Data 
for  various  ionospheric  layers  were  assembled  through 
a  detailed  scaling  technique  applied  to  each  15-minute 
record  from  the  ionospheric  apparatus. 

In  general,  the  ionospheric  Fl -layer  did  not  exist 
independently  at  night.    Hence,  since  auroral  photographs 
were  confined  to  hours  of  darkness,  no  study  of  this  lay- 
er was  possible. 

Because  of  two  conditions  peculiar  to  the  auroral 
zone  at  College,  Alaska,  (and  probably  elsewhere  in  the 
auroral  zone),  the  general  F-layer  of  the  ionosphere  was 
obscured  too  much  of  the  time  when  auroral  observations 
were  available  to  permit  satisfactory  studies  to  be  made 
of  the  F-layer.    These  two  conditions  were:    (a)  frequent 
sporadic  E-layer  ionization  at  night;  (b)  fade-outs,  al- 
though rare  at  night,  on  occasions  when  they  occurred, 
prevented  wave-energy  from  reaching  the  F -layers. 

Thus,  only  two  ionospheric  layers  were  available  for 
study,  namely,  the  E-layer  and  the  absorbing  region  be- 
low the  E-layer,  sometimes  called  the  D-layer.   A  com- 
parison of  auroral  observations  with  these  two  ionospher- 
ic layers  was  made. 

When  the  zenith  auroral  intensity  was  compared  with 
the  minimum  frequency  returned  at  vertical  incidence 
from  the  ionosphere  (a  measure  of  density  of  the  absorb- 
ing region),  no  correlation,  except  that  noted  below,  was 
found. 

The  one  exception  to  the  above  was  found  in  connec- 
tion with  nighttime  radio  fade-outs.    Ordinarily  radio 
fade-outs  at  vertical  incidence  do  not  occur  at  night. 
However,  from  the  observations  at  College,  all  complete 
nighttime  radio  fade-outs  occurring  after  local  midnight 
were  accompanied  by  high-intensity  zenith  aurora. 

In  addition  to  the  foregoing,  maximum  values  of 
blanketing  type  sporadic  E-layer  ionization  were  studied 
and  found  on  some  occasions  to  correlate  closely  with 
zenith  auroral  intensity.   On  the  average  the  penetration 
frequency  of  the  sporadic  E-layer  was  2.76  mc/sec  in 
absence  of  zenith  aurora  and  5.82  mc/sec  in  presence  of 
zenith  aurora. 

Inspection  of  the  tabular  data  shows  that  at  times  no 
correlation  between  zenith  auroral  intensity  and  penetra- 
tion frequency  of  blanketing  type  sporadic  E-layer  exists. 
At  other  times  the  correlation  is  quite  close.   An  ex- 
planation of  these  conditions  is  offered  and  a  suggestion 
is  made  for  future  observations. 


It  is  known  from  earlier  observations  that  the  height 
of  auroral  foot-points  ranges  from  around  60  km  to  sev- 
eral hundred  kilometers.    Occasions  when  the  auroral 
foot-points  descend  to  60  km  are  rare.   Average  heights 
of  auroral  foot-points  come  out  at  about  the  height  of 
the  top  of  the  E-layer.    If  on  some  occasions  the  aurora 
does  not  reach  down  to  the  E-layer,  one  might  then  ex- 
pect a  lack  of  correlation  between  the  two  phenomena. 
On  the  other  hand,  when  the  aurora  does  come  down  to 
E-layer  heights,  a  correlation  might  be  expected. 

On  the  rare  occasions  when  the  zenith  aurora  attains 
exceptionally  low  values  (around  60  to  80  km),  one  would 
expect  the  absorbing  layer  of  the  ionosphere,  which  is 
also  thought  to  lie  in  this  height  range,  to  show  a  corre- 
lation with  auroral  intensity. 

The  foregoing  suggestions  are  not  in  disagreement 
with  the  data. 

In  order  to  confirm  or  reject  the  above  argument,  it 
appears  desirable  in  future  studies  of  this  kind  to  include 
simultaneous  height  determinations.  With  intensity  meas- 
urements as  made  and  with  simultaneous  height  measure- 
ments, it  would  be  possible  to  make  a  substantial  addition 
to  knowledge  of  the  relationship  between  zenith  aurora  and 
the  ionosphere  overhead. 

It  may  be  inferred  from  the  discussion  so  far  that  the 
F-layer  should  change  somehow  with  changes  in  auroral 
intensity.    Though  sufficient  data  are  not  available  to 
make  a  proper  study  of  this  possibility,  a  few  observations 
have  shown  variations  in  the  F-layer  such  that  electron- 
concentration  of  this  higher  layer  appears  to  increase 
during  auroral  activity.   Unfortunately,  hour-to-hour  vari- 
ations of  the  F-layer  are  in  general  large,  so  that  consid- 
erably more  data  need  to  be  considered  before  this  indi- 
cation can  be  substantiated. 

Comments    and    Notes    on    Data    and 
Explanation    of    Symbols 

The  auroral  data  in  the  table  of  results  which  follows 
are  in  terms  of  equivalent  photometer  values.    Entries 
are  made  for  each  two  and  one-half  minutes.    Mean  values 
over  each  15-minute  interval  have  been  calculated  and  are 
entered  in  the  table.   Times  are  given  in  150°  west  merid- 
ian mean  time. 

The  tabular  data  for  maximum  frequency  of  sporadic 
E  echoes  are  expressed  in  megacycles  per  second.   A 
value  is  given  for  each  15-minute  interval.   The  follow- 
ing notations  have  been  used  in  the  table  of  data: 

b  -  loss  of  ionospheric  record  due  to  absorption. 
c  -  auroral  record  lost  because  of  cloudiness, 
s  -  distinct  auroral  form  or  structure  identified 

on  the  film. 
..  -  record  lost  during  an  observing  period  for 

reasons  not  explained. 


FIGURES     1-2 
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Fig.  1.  Insulated  box  containing  automatic  zenith  camera 


Fig.  2.  Automatic  zenith  camera  and  accessories 
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TABLE     2 


VALUES    OF    ZENITH    AURORAL    INTENSITY    MEASUREMENTS 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f"Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 
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b  -  loss  of  ionospheric  record  due  to  absorption 
c  -  loss  of  record  because  of  cloudiness 


s  -  distinct  auroral  form  or  structure 
..  -  record  lost  for  reasons  not  explained 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (fbEs)  in  megacycles  per  second, 
October,  1943,  to  March,  1944- -continued 


Auroral  intensity  in  equivalent 

Auroral  intensity 

'  in  equivalent 

Start 

photometer  values 

fbEs 

Start 

of 

interval 

photometer 

values 

fbEs 

of 
interval 

Minutes 

after  start  of  interval 

15 

Minutes 

after  start  of  interval 

15 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

min, 
mean 

0.0 

2.5 

5.0  | 

7.5 

10.0 

12.5 

mm. 
mean 

h  m 

Oct  : 

27-28, 

1943 

--concluded 

h  m 

Oct  31 

-Nov  1 

1943--concluded 

02  15 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

00  45 

5 

5 

10s 

7 

5 

7 

6.5s 

3.3 

02  30 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

01  00 

5 

6 

6 

6 

5 

5 

5.5 

5.3 

02  45 

3 

3 

3 

3 

4 

3 

3.2 

5.5 

01   15 

6s 

4 

4 

5 

5 

7 

5.2s 

5.7 

03  00 

3 

3 

3 

3 

4 

4 

3.3 

3.2 

01   30 

6 

6 

6 

7 

5 

6 

6.0 

3.3 

03   15 

4 

5 

5 

5 

7 

7 

5.5 

3.2 

01  45 

5 

5 

7s 

7s 

7s 

7 

6.3s 

3.3 

03   30 

7 

7s 

8s 

8 

7 

7 

7.3s 

3.2 

02  00 

8 

8 

8 

8 

8 

8 

8.0 

7.3 

03  45 

6 

6 

6 

6 

6 

-# 

6.0 

5.6 

02  15 

8 

9 

8 

8 

8 

9s 

8.3s 

3.2 

02  30 

9s 

9s 

9 

9s 

9 

9 

9.0s 

3.3 

Oct 

30-31 

,  1942 

02  45 

7 

7 

7 

6 

0 

0 

4.5 

5.6 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

11.9 

03   00 

0 

0 

0 

3 

3 

3 

1.5 

3.3 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

9.1 

03   15 

0 

0 

7 

8 

8s 

7 

5.0s 

5.6 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

8.4 

03  30 

5 

9s 

9s 

8s 

7 

5 

7.2s 

3.0 

19  45 

0 

c 

0 

0 

0 

c 

0.0 

7.9 

03  45 

5 

5 

6 

5 

6 

5 

5.3 

3.3 

20  00 

5 

6 

10 

4 

0 

0 

4.2 

11.0 

04  00 

5 

5 

5 

5 

5 

6s 

5.2s 

5.6 

20  15 

0 

0 

0 

0 

0 

c 

0.0 

5.8 

04  15 

6s 

6s 

6s 

6s 

5 

5 

5.7s 

5.6 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

5.8 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

3.5 

Nov 

1-2, 

1943 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

3.7 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

7.5 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

3.6 

21  45 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

11.7 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

2.6 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

22  15 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

12.0 

22  30 

0 

0 

0 

0 

0 

0 

0.0 

5.1 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

11.1 

22  45 

0 

c 

c 

c 

c 

c 

0.0 

5.8 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

12.0 

23  00 

b 

b 

b 

b 

b 

b 

b 

6.1 

21    00 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

23   15 

b 

b 

b 

b 

b 

b 

b 

6.8 

21    15 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

23  30 

c 

c 

4 

5 

9 

4 

5.5 

11.9 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

23  45 

5 

5 

5 

6 

8 

7 

6.0 

5.8 

21   45 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

00  00 

6 

8 

8 

8 

7 

8 

7.5 

5.5 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

00  15 

7 

7 

7 

6 

5 

6 

6.0 

6.9 

22   15 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

00  30 

5 

5 

6 

6 

6 

6 

5.7 

5.6 

22  30 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

00  45 

6 

6 

6 

6 

6 

6 

6.0 

5.9 

22  45 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

01   00 

5 

5 

6 

6 

6 

3 

5.2 

5.9 

23  00 

0 

0 

0 

0 

0 

0 

0.0 

3.7 

01   15 

3 

3 

4 

4 

7 

7 

4.7 

3.5 

23   15 

0 

0 

0 

0 

0 

0 

0.0 

3.6 

01   30 

7 

8 

10 

6 

6 

7 

7.3 

5.6 

23  30 

0 

0 

0 

0 

0 

0 

0.0 

4.0 

01  45 

6 

8 

8 

8 

8 

8 

7.7 

b 

23  45 

0 

0 

0 

0 

0 

0 

0.0 

3.8 

02  00 

8 

7 

8 

8 

8 

8 

7.8 

b 

00  00 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

02  15 

7 

7 

7 

7 

7 

7 

7.0 

b 

00  15 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

02  30 

6 

6 

6 

6 

7 

7 

6.3 

3.3 

00  30 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

02  45 

3 

3 

4 

4 

4 

4 

3.7 

8.0 

00  45 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

03  00 

c 

c 

c 

c 

3 

3 

3.0 

5.5 

01   00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

03  15 

3 

3 

3 

3 

4 

4 

3.3 

5.1 

01   15 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

03  30 

4 

4 

4 

4 

5 

5 

4.3 

5.6 

01  30 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

03  45 

4 

5 

6 

6 

7 

7s 

5.8s 

3.1 

01  45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

04  00 

7s 

7s 

7 

7 

6 

6 

6.7s 

7.2 

02  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

04  15 

6 

6 

6 

6 

6 

6 

6.0 

6.7 

02  15 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

04  30 

5 

5 

5 

5 

5 

5 

5.0 

5.8 

02  30 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

04  45 

5 

5 

5 

6 

6 

5 

5.3 

5.5 

02  45 

0 

0 

0 

0 

0 

0 

0.0 

3.9 

03  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

t 

Dct  31 

-Nov 

1,  1943 

03  15 

0 

0 

0 

0 

0 

0 

0.0 

10.3 

19  45 

0 

0 

0 

0 

0 

0.0 

1.4 

03  30 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

20  00 

0 

0 

0 

0 

0 

0.0 

3.2 

03  45 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

20  15 

0 

0 

0 

0 

0 

0.0 

3.1 

04  00 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

20  30 

0 

0 

0 

0 

0 

0.0 

3.3 

04  15 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

20  45 

0 

0 

0 

0 

0 

0.0 

4.4 

21   00 

0 

0 

3 

4 

4 

0 

1.8 

6.0 

Nov 

2,     194   ; 

21   15 

0 

0 

0 

0 

4 

3 

1.2 

2.9 

19  00 

c 

0 

c 

0 

0 

0 

0.0 

0.9 

21   30 

5s 

4s 

3 

3 

4 

0 

3.2s 

4.0 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

21   45 

3 

4 

3 

3 

3 

3 

3.2 

4.8 

19  30 

c 

c 

c 

c 

c 

c 

1.0 

22  00 

3 

3 

3 

4 

5 

5 

3.8 

5.6 

19  45 

c 

c 

c 

0 

0 

0 

o'.o 

0.9 

22  15 

0 

5 

5 

6s 

6s 

5 

4.5s 

3.2 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

22  30 

5 

5 

5 

4 

5 

5 

4.8 

5.2 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

22  45 

4s 

6 

5 

5 

5 

6 

5.2s 

4.9 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

23  00 

4 

5 

5 

5 

5 

4 

4.7 

5.3 

20  45 

c 

c 

0 

0 

c 

c 

0.0 

1.0 

23  15 

4 

4 

5 

5 

5 

5 

4.7 

3.3 

21  00 

c 

c 

c 

c 

c 

c 

.. 

1.1 

23  30 

5s 

10s 

4 

6 

7s 

7 

6.5s 

3.3 

21   15 

c 

c 

c 

c 

c 

0 

0.0 

1.0 

23  45 

7 

7 

6 

8 

7 

8 

7.2 

5.6 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00  00 

8 

8 

8 

8 

9 

9 

8.3 

5.4 

21  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00  15 

8 

8 

7 

7 

7 

, 

7.4 

3.3 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00  30 

6 

6 

6 

5 

6 

5 

5.7 

3.3 

22  15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 
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Table  2.    Zenith  auroral  intensity  in  equivalent  ohotometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (fbEs)  in  megacycles  per  second, 
October,  1943,  to  March,  1944- -continued 


Auroral  intensity  in  equivalent 

Auroral  intensity  in  equivalent 

Start 

Dhotometer  values 

1-, 

Es 

Start 
of 

intGrir'1 

nhotometer  values 

of 

Minutes  after  start  of  interval 

15           fbl 
min. 
mean 

Minutes 

ifter  start  of  interval 

15 

fbEs 

interval 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

min. 
mean 

h  m 

Nov  2,   1943-- 

-concluded 

h 

m 

Nov  9, 

1943 

22  30 

0 

0 

0 

0 

c 

c 

0.0              0.9 

02 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.5 

22  45 

c 

c 

c 

c 

c 

c 

0.9 

02 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23  00 

c 

c 

0 

0 

0 

0 

0.0              1 

.0 

03 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

23   15 

0 

0 

0 

0 

0 

0 

0.0              0.9 

03 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

03 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

Nov 

5-6, 

1943 

03 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

23   45 

0 

0 

0 

0 

0 

0 

0.0              5.6 

04 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

00  00 

0 

0 

0 

3 

4 

5 

2.0              7.1 

04 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

00  15 

4 

3 

3 

4 

3 

4 

3.5              7.8 

04 

30 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

00  30 

3 

3 

3 

3 

3 

3 

3.0              6 

.1 

04 

45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

00  45 

3 

3 

3 

3 

5 

3 

3.3              8 

.5 

01   00 

3 

3 

3 

3 

3 

3 

3.0              6.3 

Nov 

18, 

1943 

01    15 

3 

3 

3 

3 

3 

3 

3.0              6.7 

18 

00 

0 

0 

0 

0 

0 

0 

0.0 

01    30 

3 

3 

2 

3 

3 

3 

3.0              6.5 

18 

15 

0 

0 

0 

0 

0 

0 

0.0 

01   45 

3 

3 

3 

3 

3 

3 

3.0              6.4 

18 

30 

0 

0 

0 

0 

0 

0 

0.0 

4.8 

02  00 

3 

3 

0 

0 

0 

0 

1.0              6.7 

18 

45 

0 

0 

0 

0 

3 

3 

1.0 

5.6 

02   15 

0 

0 

3 

0 

0 

0 

0.5              ? 

.3 

19 

00 

3 

3 

3 

3 

3 

3 

3.0 

11.7 

02  30 

0 

0 

0 

0 

0 

0 

0.0              2.2 

19 

15 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

02  45 

0 

0 

0 

0 

0 

0 

0.0              2.6 

19 

30 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

03  00 

0 

0 

0 

0 

0 

0 

0.0              2.8 

19 

45 

3 

3 

3 

3 

3 

3 

3.0 

6.1 

03   15 

0 

0 

3 

3 

3 

3 

2.0              6.2 

20 

00 

3 

3 

4 

4 

6s 

5 

4.2s 

7.3 

03  30 

3 

3 

3 

7 

4 

3 

3.8              9.5 

20 

15 

4 

4 

4 

4 

4 

5 

4.2 

7.2 

03  45 

3 

3 

4 

4 

4 

4 

3.7              5.6 

20 

30 

4 

5s 

5 

5 

5 

5 

4.8s 

8.5 

04  00 

4 

4 

4 

4 

4 

4 

4.0              5.6 

20 

45 

4 

5 

5 

6 

6 

6 

5.3 

8.7 

04   15 

4 

4 

5 

5 

5 

5 

4.7              5.6 

21 

00 

5 

5 

6 

5 

5.3 

8.5 

04  30 

5 

5 

5 

5 

5 

5 

5.0              5.6 

04  45 

5 

6 

5 

5 

5 

., 

4.3              5.6 

No\ 

19, 

1943 

18 

45 

c 

c 

0 

c 

0 

0 

0.0 

8.5 

Nov 

6-7, 

1943 

19 

00 

0 

0 

0 

0 

0 

0 

0.0 

6.0 

23  45 

0 

0 

0 

0 

0 

0 

0.0 

19 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

00  00 

0 

0 

0 

0 

0 

0 

0.0 

19 

30 

0 

0 

0 

3 

3 

3 

1.5 

8.3 

00  15 

0 

0 

0 

0 

0 

0 

0.0 

19 

45 

3 

3 

3 

3 

4 

4 

3.3 

8.4 

00  30 

0 

0 

0 

0 

0 

0 

0.0 

20 

00 

4 

4 

4 

4 

3 

3 

3.7 

12.0 

00  45 

0 

0 

0 

0 

0 

0 

0.0 

20 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.2 

01   00 

0 

0 

0 

0 

0 

0 

0.0 

20 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

01    15 

0 

0 

0 

0 

0 

0 

0.0 

20 

45 

0 

0 

0 

0 

0 

0 

0.0 

8.5 

01    30 

0 

0 

3 

3 

3 

3 

2.0 

21 

00 

0 

0 

0 

0 

0 

0 

0.0 

7.7 

01   45 

3 

3 

3 

3 

3 

3 

3.0 

21 

15 

0 

0 

0 

3 

3 

3 

1.5 

7.0 

02  00 

3 

3 

3 

3 

3 

3 

3.0 

21 

30 

3 

3 

3 

4 

4 

4 

3.5 

6.8 

02   15 

3 

3 

3 

3 

0 

0 

2.0 

21 

45 

3 

3 

3 

4 

3 

3 

3.2 

5.6 

02  30 

0 

0 

0 

0 

0 

0 

0.0 

22 

00 

0 

3 

3 

3 

4 

9s 

3.7s 

10.4 

02  45 

0 

0 

0 

0 

0 

0 

0.0 

22 

15 

7s 

0 

0 

0 

0 

0 

1.2s 

4.1 

03  00 

0 

0 

0 

0 

0 

0 

0.0 

22 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

03   15 

0 

0 

0 

0 

0 

0 

0.0 

03  30 

0 

0 

0 

0 

0 

0 

0.0 

Nov 

20, 

1943 

03  45 

0 

0 

0 

0 

0 

0 

0.0 

18 

00 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

04  00 

0 

0 

0 

0 

0 

0 

0.0 

18 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

04  15 

0 

0 

0 

0 

0 

0 

0.0 

18 

30 

0 

0 

0 

0 

0 

0 

0.0 

4.4 

04  30 

0 

0 

0 

0 

0 

0 

0.0 

18 

45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

04  45 

0 

0 

0 

0 

0 

0 

0.0 

19 

00 

0 

0 

0 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upoer-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (fDEs)  in  megacycles  per  second, 
October,  1943,  to  March,  1944--continued 


Auroral  intensity  in  equivalent 

Auroral  intensity  in  equivalent 

Start 

photometer  values 

fbEs 

Start 
of 

photometei 

value 

'S 

fbEs 

of 
interval 

Minutes 

ifter  start  of  interval 

15 

Minutes  after  start  of  interval 

15 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

mi  n . 
mean 

intG 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

min. 
mean 

h  m 

No< 

v  21, 

1943- 

-concluded 

h 

m 

Nov 

24-25, 

1943 

--concluded 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

4.6 

22 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.3 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

4.8 

22 

30 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

5.0 

22 

45 

0 

0 

3 

3 

3 

3 

2.0 

5.7 

21   30 

0 

0 

0 

c 

c 

c 

0.0 

5.4 

23 

00 

3 

3 

3 

4 

5 

4 

3.7 

5.7 

21  45 

b 

b 

b 

b 

b 

b 

b 

7.5 

23 

15 

3 

3 

4 

9s 

4s 

4 

4.5s 

5.3 

22  00 

b 

b 

b 

b 

b 

b 

b 

4.3 

23 

30 

4 

4 

4 

4 

4 

4 

4.0 

5.6 

22  15 

0 

0 

0 

0 

0 

3 

0.5 

5.1 

23 

45 

8s 

10s 

7 

6 

5 

7 

7.2s 

3.2 

22  30 

3 

3 

3 

3 

3 

4 

3.2 

10.0 

00 

00 

6 

5 

5 

5 

4 

5 

5.0 

3.3 

22  45 

6 

4 

6s 

3 

5 

5 

4.8s 

5.5 

00 

15 

4 

5 

4 

4 

4 

5 

4.3 

3.2 

23  00 

4 

3 

4 

4 

4 

c 

3.8 

3.2 

00 

30 

4 

5 

5 

5 

4 

4 

4.5 

5.6 

00 

45 

3 

3 

3 

4 

4 

4 

3.5 

b 

Nov  5 

1943 

01 

00 

4 

4 

4 

4 

3 

3 

3.7 

5.3 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

b 

01 

15 

0 

0 

0 

0 

3 

5s 

1.3s 

5.2 

18  45 

c 

c 

c 

c 

c 

0 

0.0 

3.2 

01 

30 

6 

3 

3 

3 

3 

3 

3.5 

2.9 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

2.9 

01 

45 

4 

4 

5 

4 

4 

4 

4.2 

3.2 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

4.0 

02 

00 

4 

5 

6 

3 

4 

3 

4.2 

3.0 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

4.5 

02 

15 

3 

6s 

3 

3 

0 

0 

2.5s 

5.9 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

8.4 

02 

30 

0 

0 

3 

7s 

7s 

6s 

3.8s 

b 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

02 

45 

6s 

5s 

6 

6 

6 

5 

5.7s 

b 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

03 

00 

7s 

8s 

0 

0 

6s 

6s 

4.5s 

5.6 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

6.9 

03 

15 

3 

4 

5 

5 

0 

0 

2.8 

6.9 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

03 

30 

0 

3 

3 

4 

4 

7 

3.5 

5.6 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

03 

45 

3 

4 

5s 

5s 

5 

5s 

4.5s 

8.3 

21    15 

0 

0 

c 

c 

c 

c 

0.0 

1.8 

04 

00 

4 

5 

5 

6 

5 

5.0 

3.2 

Nov 

23-24 

,   1943 

Nov 

24-26 

,  1943 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

19 

00 

c 

c 

c 

0 

0 

0 

0.0 

3.2 

18   15 

0 

0 

0 

0 

0 

0 

0.0 

2.0 

19 

15 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

3.5 

19 

30 

0 

0 

0 

0 

0 

0 

0.0 

4.2 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

5.2 

19 

45 

0 

0 

0 

0 

0 

0 

0.0 

7.0 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

20 

00 

0 

0 

0 

0 

0 

0 

0.0 

4.6 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

20 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

4.4 

20 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.8 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

5.7 

20 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.3 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

21 

00 

0 

0 

0 

0 

0 

3 

0.5 

7.0 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

2.1 

21 

15 

7s 

7s 

10s 

7 

0 

10s 

6.8s 

11.4 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

21 

30 

7s 

5 

7s 

6 

5 

4 

5.7s 

5.6 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

21 

45 

4 

3 

3 

4 

7s 

6 

4.5s 

5.5 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

22 

00 

4 

8 

3 

6 

10 

0 

5.2 

3.1 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

5.3 

22 

15 

4 

4 

4 

3 

3 

3 

3.5 

5.4 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

5.2 

22 

30 

4 

3 

3 

3 

5 

4 

3.7 

5.5 

21   45 

0 

0 

3 

3 

5s 

6s 

2.8s 

7.6 

22 

45 

3 

3 

3 

3 

3 

4 

3.2 

5.0 

22  00 

4 

0 

0 

0 

0 

3 

1.2 

3.2 

23 

00 

4 

4 

4 

5 

5 

5 

4.5 

4.9 

22  15 

3 

3 

3 

0 

3 

3 

2.5 

4.6 

23 

15 

3 

3 

3 

4 

4 

3.4 

5.5 

22  30 

0 

0 

4s 

3 

3 

4 

2.3s 

4.1 

23 

30 

3 

3 

3 

3 

3 

3 

3.0 

5.0 

22  45 

4 

4 

6 

4 

4 

4 

4.3 

3.0 

23 

45 

3 

3 

3 

3 

3 

3 

3.0 

4.4 

23  00 

4 

4 

4 

5 

5 

7s 

4.8s 

2.9 

00 

00 

3 

3 

3 

3 

3 

3 

3.0 

5.4 

23   15 

4 

6s 

4 

4 

4 

4 

3.7s 

3.0 

00 

15 

3 

3 

3 

3 

3 

5 

3.3 

5.6 

23  30 

3 

4 

4 

4 

4 

4 

3.8 

5.5 

00 

30 

4 

4 

4 

4 

4 

4 

4.0 

5.4 

23  45 

4 

4 

4 

c 

c 

c 

4.0 

5.5 

00 

45 

4 

4 

4 

4 

4 

5 

4.2 

5.6 

00  00 

c 

c 

3 

3 

4 

4 

3.5 

5.3 

01 

00 

4 

4 

4 

4 

4 

4 

4.0 

6.9 

00  15 

4 

4 

4 

4 

4 

4 

4.0 

5.5 

01 

15 

4 

5 

8 

6 

6 

5 

5.7 

3.2 

01 

30 

5 

5 

4 

4 

4 

4 

4.3 

3.2 

Nov 

24-25 

,  1943 

01 

45 

3 

4 

4 

4 

4 

4 

3.8 

5.6 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

02 

00 

4 

4 

4 

4 

6 

8 

5.0 

7.0 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

02 

15 

8 

8 

6 

6 

5 

4 

6.2 

5.5 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

3.8 

02 

30 

4 

4 

4 

4 

4 

4 

4.0 

5.6 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

1.7 

02 

45 

4 

4 

5s 

6s 

5 

4 

4.7s 

5.0 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

1.4 

03 

00 

4 

4 

4 

4 

4 

4 

4.0 

5.9 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

2.8 

03 

15 

4 

5 

6 

6s 

7s 

7s 

5.8s 

9.4 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

03 

30 

8 

8s 

8 

8s 

7 

7s 

7.7s 

8.4 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

2.8 

03 

45 

7 

6 

8 

7 

7 

7 

7.0 

3.1 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

5.4 

04 

00 

6 

6 

8 

8 

11 

5 

7.3 

b 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

04 

15 

7s 

3 

5 

10s 

9 

7 

6.8s 

3.1 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

5.8 

04 

30 

8s 

7s 

8s 

8s 

8s 

7s 

7.7s 

5.5 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

04  4! 

6 

7 

8 

9 

7.5 

5.5 

21  00 

0 

3 

3 

3 

3 

3 

2.5 

5.9 

21  15 

3 

3 

3 

3 

3 

3 

3.0 

9.0 

Nov 

26-27 

,  1943 

21  30 

3 

3 

3 

3 

3 

3 

3.0 

5.5 

20 

15 

c 

c 

3 

3 

3 

c 

3.0 

3.2 

21  45 

3 

3 

4 

4 

4 

5 

3.8 

5.5 

20 

30 

c 

c 

c 

3 

3 

3 

3.0 

4.6 

22  00 

5 

0 

0 

0 

0 

0 

0.8 

5.9 

20  4? 

3 

3 

3 

4 

3 

3 

3.2 

13.7 

387 


Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (fbEs)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 --continued 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper -frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 --continued 
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3 
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0 

0 
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3 

3 

3 

3 

3 

3 
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0 

0 

0 
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0 

0 

0.0 
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3 

3 

3 

3 

3 

3 

3.0 
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0 

0 

0 

0 

0 

0 
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1.0 

01  15 

3 

4 

4 

4 

4 

5 

4.0 

7.0 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

01  30 

5 

5 

5 

5 

4 

4 

4.7 

7.3 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

01  45 

4 

4 

4 

4 

3 

3 

3.7 
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19  30 

0 

0 

0 

0 

0 

0 

0.0 
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02  00 

4 

4 

4 

4 

4 

4 
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19  45 

0 

0 

0 

0 

0 

0 

0.0 
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02  15 

4 

4 

4 

4 

4 
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0 
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0 
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0 
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9s 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper -frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944--continued 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 — continued 
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5.7 

02  45 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

02 

30 

3 

c 

3 

c 

2 

2 

2.5 

6.0 

03  00 

0 

0 

0 

0 

0 

0 

0.0 

1.4 

02 

45 

3 

3 

3 

3 

2 

2 

2.7 

5.6 

03   15 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

03 

00 

2 

2 

2 

2 

2 

2 

2.0 

5.5 

03  30 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

03 

15 

2 

2 

2 

2 

2 

2 

2.0 

5.6 

03  45 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

03 

30 

2 

2 

2 

2 

3 

3 

2.3 

3.2 

04  00 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

03 

45 

3 

3 

3 

2 

2 

2 

2.5 

4.3 

04  15 

0 

0 

0 

0 

0 

0 

0.0 

1.6 

04 

00 

3 

2 

2 

2 

2 

2 

2.2 

3.9 

04  30 

0 

0 

0 

0 

0 

0 

0.0 

1.7 

04 

15 

2 

2 

2 

2 

3s 

3s 

2.3s 

3.2 

04  45 

0 

0 

0 

0 

0 

0 

0.0 

1.4 

04 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

05  00 

0 

0 

0 

0 

0 

0 

0.0 

1.5 

04 

45 

0 

0 

0 

0 

0 

0 

0.0 

3.5 

05  15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

05 

00 

0 

0 

0 

0 

0 

0 

0.0 

2.4 

05  30 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

05 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.9 

05  45 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

05 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

06  00 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

05 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.9 

06  15 

0 

0 

0 

,  . 

0.0 

1.1 

06 

00 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

06 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.5 

Dec 

26, 

1943 

06 

30 

0 

0 

0 

0 

0 

0 

0.0 

03  00 

c 

c 

c 

c 

c 

4 

4.0 

7.2 

06 

45 

0 

0 

0 

0 

0 

0 

0.0 

03  15 

4 

4 

4 

4 

5 

5 

4.3 

8.0 

03  30 

5 

5 

5 

5 

5 

5 

5.0 

5.5 

Dec  27- 

1943 

03  45 

5 

5 

4 

4 

4 

4 

4.3 

5.6 

17 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.1 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f"Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 --continued 


Auroral  intensity  in  equivalent 

Auroral  intensity 

in  equivalent 

Start 

photometer  values 

fbEs 

Start 
of 

1  tltofl'l  1 

photometer 

values 

fbEs 

of 
interval 

Minutes  after  start  of  interval 

15 

Minutes 

ifter  start  of  interval 

15 

0.0 

2.5 

|   5.0 

7.5 

10.0  | 

12.5 

min. 
mean 

inter 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

min. 
mean 

h    m 

Dec 

27-28 

1945 

--concluded 

h 

m 

Dec  28-29, 

1943 

- -concluded 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

22 

00 

0 

0 

2 

0 

0 

2 

0.7 

6.2 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

22 

15 

2 

2 

2 

2 

2 

2 

2.0 

5.7 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

22 

30 

2 

2 

2 

2 

3 

3 

2.3 

6.4 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

22 

45 

3 

2 

2 

5s 

4 

5s 

3.5s 

8.9 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

23 

00 

4 

4 

4 

4 

3 

3 

3.7 

5.9 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

23 

15 

3 

3 

3 

3 

3 

3 

3.0 

7.0 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

23 

30 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

23 

45 

3 

3 

4 

3 

3 

2 

3.0 

5.6 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00 

00 

2 

2 

2 

2 

2 

2 

2.0 

5.5 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00 

15 

2 

2 

2 

2 

2 

2 

2.0 

5.6 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

00 

30 

2 

2 

0 

0 

0 

0 

0.7 

5.3 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

00 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

01 

00 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

01 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

01 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.3 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

01 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.8 

21  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

02 

00 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

02 

15 

0 

0 

0 

0 

0 

0 

0.0 

3.8 

22  15 

0 

0 

0 

0 

0 

0 

0.0 

02 

30 

0 

0 

0 

0 

0 

0 

0.0 

4.0 

22  30 

0 

0 

0 

0 

0 

0 

0.0 

i'.o 

02 

45 

0 

0 

0 

0 

0 

0 

0.0 

4.9 

22  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

03 

00 

0 

0 

0 

0 

0 

0 

0.0 

5.3 

23  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

03 

15 

2 

2 

2 

2 

2 

2 

2.0 

5.6 

23  15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

03 

30 

3 

3 

3 

3 

3 

3 

3.0 

7.3 

23  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

03 

45 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

23  45 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

04 

00 

2 

2 

2 

2 

2 

2 

2.0 

5.6 

00  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

04 

15 

2 

2 

2 

2 

2 

2 

2.0 

5.6 

00  15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

04 

30 

2 

2 

2 

2 

2 

2 

2.0 

5.2 

00  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

04 

45 

2 

2 

2 

2 

2 

2 

2.0 

4.9 

00  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

05 

00 

0 

0 

0 

0 

0 

0 

0.0 

01  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

05 

15 

c 

c 

c 

c 

c 

0 

0.0 

01   15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

05 

30 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

01   30 

0 

0 

0 

0 

0 

0 

0.0 

3.6 

05 

45 

0 

0 

0 

c 

c 

c 

0.0 

2.0 

01  45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

06 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

02  00 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

06 

15 

c 

c 

c 

c 

2.0 

02  15 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

02  30 

0 

0 

0 

0 

0 

0 

0.0 

3.1 
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29-30 

,   194C 

1 

02  45 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

17 

30 

0 

0 

0 

0 

0 

0 

0.0 

., 

03  00 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

17 

45 

0 

0 

0 

0 

0 

0 

0.0 

03  15 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

18 

00 

0 

0 

0 

0 

0 

0 

0.0 

03  30 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

18 

15 

0 

0 

0 

0 

0 

0 

0.0 

i'.i 

03  45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

18 

30 

0 

0 

0 

0 

0 

0 

0.0 

04  00 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

18 

45 

0 

0 

0 

0 

0 

0 

0.0 

04   15 

0 

0 

0 

0 

0 

0 

3.0 

2.9 

19 

00 

0 

0 

0 

0 

0 

0 

0.0 

04  30 

0 

0 

0 

0 

0 

0 

0.0 

2.9 

19 

15 

0 

0 

0 

0 

0 

0 

0.0 

04  45 

0 

0 

0 

0 

0 

0 

0.0 

3.7 

19 

30 

0 

0 

0 

0 

0 

0 

0.0 

05  00 

0 

0 

0 

0 

0 

0 

0.0 

19 

45 

0 

0 

0 

0 

0 

0 

0.0 

05  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

20 

00 

0 

0 

0 

0 

0 

0 

0.0 

i'.2 

05  30 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

20 

15 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

05  45 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

20 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

06  00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

20 

45 

0 

0 

0 

0 

0 

0 

0.0 

06  15 

0 

0 

0 

0 

0.0 

21 
21 

00 
15 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0.0 
0.0 

0.9 

Dec 

28-29 

,   1943 

21 

30 

0 

0 

0 

0 

0 

0 

0.0 

17  30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

21 

45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

22 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

22 

15 

0 

0 

0 

0 

0 

0 

0.0 

18   15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

22 

30 

0 

0 

0 

0 

0 

0 

0.0 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

22 

45 

0 

0 

0 

0 

0 

0 

0.0 

i'.i 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

23 

00 

0 

0 

0 

0 

0 

0. 

0.0 

1.0 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

23 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

23 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

i'.i 

23 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

i.i 

00 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

i.i 

00 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

i.i 

00 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

i.i 

00 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

i.i 

01 

00 

0 

0 

0 

0 

0 

0 

0.0 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

01 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.5 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

3.9 

01 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

3.9 

01 

45 

0 

0 

0 

0 

0 

0 

0.0 

2.0 

21   45 

0 

0 

0 

2 

2 

0 

0.7 

7.7 

02 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.3 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (fbEs)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 --continued 


Auroral  intensity 

in  equivalent 

Auroral  intensity  in  equivalent 

Start 

photometer 

values 

fbEs 

Start 
of 

photometer  values 

fbEs 

of 
interval 

Minutes  after  start  of  interval 

15 

Minutes 

after  start  of  interval 

15 

0.0 

2.5 

5.0 

7.5  | 

10.0  | 

12.5 

min. 
mean 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

min. 
mean 

h   m 

Dec  ! 

29-30, 

1943- 

-concluded 

h 

m 

Dec 

31,  1943-Jan  1, 

1944 

02  15 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

22 

00 

2 

2 

2 

2 

2 

4s 

2.3s 

7.2 

02  30 

0 

0 

0 

0 

0 

0 

0.0 

1.5 

22 

15 

3s 

3s 

3s 

3s 

4s 

5s 

3.5s 

8.5 

02  45 

0 

0 

0 

0 

0 

0 

0.0 

1.6 

22 

30 

5s 

4s 

4s 

7s 

9s 

10 

6.5s 

10.8 

03  00 

0 

0 

0 

0 

0 

0 

0.0 

2.0 

22 

45 

5s 

8s 

5s 

3 

9s 

8s 

6.3s 

13.4 

03  15 

0 

0 

0 

0 

0 

0 

0.0 

1.6 

23 

00 

2 

3s 

2 

4 

4 

6s 

3.5s 

12.0 

03  30 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23 

15 

4s 

4s 

2 

4 

5s 

5s 

4.0s 

5.6 

03  45 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23 

30 

4 

4 

4 

3 

2 

2 

3.2 

5.6 

04  00 

3 

3 

3 

3 

3 

3 

3.0 

5.6 

23 

45 

2 

2 

4s 

4s 

2 

3 

2.8s 

5.6 

04  15 

3 

3 

3 

5s 

4s 

4 

3.7s 

3.0 

00 

00 

3 

4s 

2 

2 

3 

3 

2.8s 

5.6 

04  30 

4 

4 

4 

4 

4 

3 

3.8 

3.1 

00 

15 

2 

3s 

3s 

3s 

3s 

2 

2.7s 

6.2 

04  45 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

00 

30 

2 

2 

3 

2 

3 

2 

2.3 

6.0 

05  00 

2 

4s 

4s 

4s 

3s 

3s 

3.3s 

3.2 

00 

45 

2 

2 

2 

2 

2 

0 

1.7 

5.8 

05  15 

2 

2 

2 

2 

3 

0 

1.8 

01 

00 

0 

0 

0 

0 

0 

0 

0.0 

5.8 

05  30 

0 

0 

0 

0 

0 

0 

0.0 

01 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.7 

05  45 

0 

0 

0 

0 

0 

0 

0.0 

2.5 

01 

30 

0 

0 

0 

0 

0 

0 

0.0 

6.3 

06  00 

0 

0 

0 

0 

0 

0 

0.0 

1.9 

01 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

06  15 

0 

0 

0 

0 

0.0 

02 

00 

0 

0 

0 

0 

0 

0 

0.0 

5.2 

02 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.4 

Dec 

30-31, 

1943 

02 

30 

0 

0 

2 

2 

3 

2 

1.5 

5.6 

17  30 

0 

0 

0 

0 

0 

0 

0.0 

0.7 

02 

45 

2 

2 

3 

3 

3 

3 

2.7 

6.2 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

03 

00 

3 

3 

3 

3 

3 

3 

3.0 

5.7 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

03 

15 

3 

3 

3 

3 

3 

3 

3.0 

5.9 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

03 

30 

3 

4 

3 

3 

3 

3 

3.2 

7.7 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

03 

45 

2 

2 

3s 

4s 

3 

3 

2.8s 

6.3 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

04 

00 

2 

2 

5s 

3 

3 

3 

3.0s 

6.1 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

04 

15 

4s 

4s 

3 

2 

2 

3 

3.0s 

5.6 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

04 

30 

3 

3 

3 

3 

5s 

4s 

3.5s 

5.9 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

04 

45 

3 

4s 

4s 

3 

2 

4s 

3.3s 

6.0 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

05 

00 

4 

3 

5s 

2 

2 

2 

3.0s 

6.2 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

05 

15 

2 

3 

4 

4 

4 

4 

3.5 

3.3 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

05 

30 

4 

4 

3 

3 

4s 

4 

3.7s 

5.5 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

05 

45 

3 

4 

3 

4 

4 

4 

3.7 

5.5 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

06 

00 

4 

3 

3 

4 

3 

4 

3.5 

5.6 

21  00 

0 

0 

0 

0 

0 

0 

0.0 

06 

15 

4 

4 

4 

4.0 

5.6 

21   15 

0 

0 

0 

0 

0 

0 

0.0 

21   30 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

Jan 

4,   194 

21  45 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

02 

30 

0 

0 

0 

0 

0 

0 

0.0 

2.1 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

3.5 

02 

45 

0 

0 

0 

0 

0 

0 

0.0 

2.3 

22  15 

0 

0 

0 

0 

0 

0 

0.0 

4.0 

03 

00 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

22  30 

0 

0 

0 

2 

2 

2 

1.0 

5.6 

03 

15 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

22  45 

2 

2 

2 

2 

2 

2 

2.0 

5.5 

03 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23  00 

2 

2 

2 

2 

2 

2 

2.0 

5.0 

03 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23  15 

2 

2 

2 

2 

3 

3 

2.3 

6.1 

04 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

23  30 

3 

3 

3 

5 

4 

4 

3.7 

7.0 

04 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.7 

23  45 

4 

4 

4 

3 

3 

5 

3.8 

6.7 

04 

30 

0 

0 

0 

0 

0 

0 

0.0 

2.0 

00  00 

4 

4 

3 

3 

3 

3 

3.3 

5.6 

04 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.7 

00  15 

4s 

4s 

5s 

4s 

4s 

4s 

4.2s 

5.8 

05 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.9 

00  30 

4s 

5s 

4s 

4s 

4s 

5s 

4.3s 

4.9 

05 

15 

0 

0 

0 

0 

0 

0 

0.0 

2.7 

00  45 

4 

4s 

5s 

5s 

6s 

6s 

5.0s 

8.3 

05 

30 

0 

0 

0 

0 

0 

0 

0.0 

2.1 

01   00 

5s 

6s 

5s 

5s 

5s 

5s 

5.2s 

6.8 

05 

45 

0 

0 

0 

0 

0 

0 

0.0 

2.6 

01   15 

4s 

4s 

4s 

5s 

4s 

4s 

4.2s 

7.7 

06 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

01   30 

3s 

3s 

3s 

3s 

3s 

3s 

3.0s 

3.2 

06 

15 

0 

0 

0 

0.0 

1.5 

01  45 

3s 

3s 

4s 

2 

2 

2 

2.7s 

5.5 

02  00 

2 

2 

2 

2 

5s 

2 

2.5s 

4.1 

Jan 

5,   1944 

02  15 

2 

2 

2 

2 

3 

4s 

2.5s 

5.6 

04 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.2 

02  30 

5 

5s 

5s 

6 

6s 

6s 

5.5s 

8.0 

04 

15 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

02  45 

6s 

5 

5 

5 

6 

5s 

5.3s 

04 

30 

0 

0 

0 

0 

0 

0 

0.0 

1.0 

03  00 

3 

3 

3 

4s 

4s 

4 

3.5s 

7.8 

04 

45 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

03  15 

3 

3 

4s 

3s 

2 

3 

3.0s 

5.8 

05 

00 

0 

0 

0 

0 

0 

0 

0.0 

1.3 

03  30 

3 

3s 

3s 

3s 

3s 

3s 

3.0s 

5.9 

05 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.5 

03  45 

2 

3 

3s 

3s 

3 

3 

2.8s 

6.6 

05 

30 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

04  00 

3 

3s 

3s 

3s 

4s 

4s 

3.3s 

8.4 

05 

45 

2 

0 

0 

0 

0 

2 

0.7 

5.6 

04  15 

3 

3 

3 

3 

3 

3 

3.0 

06 

00 

3 

2 

3 

3 

2 

2 

2.5 

5.6 

04  30 

3 

2 

2 

2 

2 

3 

2.3 

8.4 

06 

15 

0 

0 

0 

0.0 

3.6 

04  45 

4 

4 

5s 

5s 

5s 

5 

4.7s 

5.6 

05  00 

4 

5s 

6s 

6s 

6 

6 

5.5s 

5.8 

Jan 

6,   194- 

05  15 

5 

4 

4 

4 

4 

3 

4.0 

3.2 

04 

00 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

05  30 

3 

3 

3 

3 

4s 

3 

3.2s 

5.5 

04 

15 

0 

0 

0 

0 

0 

0 

0.0 

5.4 

05  45 

4s 

3s 

4s 

5s 

4 

4s 

4.0s 

04 

30 

0 

0 

0 

0 

0 

0 

0.0     . 

5.6 

06  00 

4s 

4s 

4s 

4s 

4s 

3s 

3.8s 

5.6 

04 

45 

0 

0 

0 

0 

0 

0 

0.0 

5.6 

06  15 

3 

3 

3 

3.0 

6.9 

05 

00 

0 

0 

c 

c 

c 

c 

0.0 

8.6 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper -frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944--continued 


Auroral  intensity  in  equivalent 

Auroral  intensity 

in  equivalent 

Start 

photometer  values 

f^s 

Start 
of 

photometer 

values 

of 
interval 

Minutes  after  start  of  interval 

15 
min. 
mean 

Minutes  after 

start  of  interval 

15 

fbEs 

0.0 

|.1.|.| 

5.0  | 

7.5 

|  10.0 

12.5 

111LC  i    Vo.1 

0.0 

1,1.5 

5.0 

|7.5| 

10.0  [12.5 

min. 
mean 

h  m 

Jan 

6,  1944- 

concluded 

h   m 

Jan 

17, 

1944— 

concluded 

05  15 

c 

c 

c 

c 

c 

c 

3.1 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

2.4 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

2.6 

J" 

14, 

1944 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

2.1 

17  30 

,  m 

2 

2 

2 

3s 

2.2s 

3.2 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

2.9 

17  45 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

2.6 

18  00 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

4.8 

18  15 

3 

3 

3 

3 

3 

3 

3.0 

3.3 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

2.9 

18  30 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

21   00 

0 

0 

0 

0 

0 

0 

0.0 

4.8 

18  45 

3 

3 

3 

3 

3 

3 

3.0 

3.3 

21   15 

0 

0 

0 

0.0 

3.5 

19  00 

3 

3 

3 

3 

3 

3 

3.0 

3.3 

19  15 

3 

3 

3 

3 

3 

3 

3.0 

3.0 

Jan 

19-20, 

1944 

19  30 

3 

3 

3- 

3 

3 

3 

3.0 

3.2 

23  45 

0 

0 

0 

0 

0 

0 

0.0 

1.1 

19  45 

3 

3 

3 

3 

3 

3 

3.0 

4.7 

00  00 

0 

0.0 

3.1 

20  00 

3 

3 

3 

3 

3 

3 

3.0 

5.5 

00  15 

0 

c 

c 

c 

c 

0.0 

8.4 

20  15 

3 

3 

3 

3 

3 

3 

3.0 

3.2 

00  30 

. , 

2.4 

20  30 

3 

3 

3 

3 

3 

3 

3.0 

3.3 

00  45 

01  00 

c 

c 

c 

c 

c 

c 

•• 

2.1 
3.1 

Jan 

15. 

1944 

01   15 

0 

0 

0 

0 

o!b 

3.6 

17  30 

0 

0 

0 

6 

0 

0 

0.0 

2.9 

01  30 

0 

.. 

0.0 

3.8 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

01  45 

0 

0 

0 

0 

0.0 

4.0 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

02  00 

0 

.. 

0.0 

4.2 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

02  15 

0 

0 

0 

0 

0 

0.0 

4.9 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

1.6 

Jan  : 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

17  30 

0 

0 

0 

0.0 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

17  45 

0 

0 

, . 

0 

0 

0.0 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

18  00 

0 

0 

0 

0.0 

0.9 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

18  15 

c 

c 

c 

0 

0 

0.0 

0.9 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

3.1 

18  30 

., 

0 

0 

0 

0 

0 

0.0 

3.0 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

18  45 

b 

b 

b 

b 

b 

b 

b 

3.0 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

19  00 

b 

b 

b 

b 

b 

b 

b 

3.1 

20  45 

0 

0 

0 

0 

2 

2 

0.7 

3.7 

19  15 

b 

b 

b 

b 

b 

b 

b 

3.1 

21  00 

2 

2 

2 

0 

0 

0 

1.0 

5.6 

19  30 

b 

b 

b 

b 

b 

b 

b 

2.9 

21  15 

0 

0 

0 

0 

0 

0 

0.0 

3.3 

19  45 

b 

b 

b 

b 

b 

b 

b 

3.0 

21  30 

0 

2 

2 

0 

2 

0 

1.0 

3.9 

20  00 

b 

b 

b 

b 

b 

b 

b 

b 

21  45 

0 

0 

0 
Jan 

0 
16, 

0 
1944 

0 

0.0 

3.2 

20  15 
20  30 
20  45 

0 

0 

0 

0 

0.0 
0.0 

b 

3.0 

3.0 

17  30 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

21  00 

0 

0 

0 

o.'b 

3.0 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

b 

21  15 

0 

0.0 

3.1 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

21  30 

3.1 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

b 

21  45 

0 

0 

0 

c 

oib 

3.1 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

22  00 

0 

0 

0 

0 

,. 

0.0 

3.2 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

22  15 

0 

0 

0 

0.0 

3.2 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

3.5 

22  30 

0 

0.0 

10.5 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

4.1 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

4.5 

Jan 

24-25 

1944 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

2.4 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

.. 

20  30 

0 

0 

0 

2 

2 

2 

1.0 

5.6 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

1.8 

19  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

21  00 

0 

0 

0 

0 

0 

0 

0.0 

1.9 

19  15 

0 

0 

0 

0 

0 

0 

0.0 

0.8 

21  15 

2 

2 

2 

2 

2 

2 

2.0 

2.0 

19  30 

0 

0 

0 

0 

0 

0 

0.0 

.. 

21  30 

2 

2 

2 

2 

2 

2 

2.0 

2.4 

19  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

21  45 

2 

2 

3 

2 

2 

2 

2.2 

4.6 

20  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

22  00 

2 

2 

2 

2 

3 

3 

2.3 

4.8 

20  15 

0 

0 

0 

0 

0 

0 

0.0 

0.8 

22  15 

3 

3 

5s 

10s 

3 

3 

4.5s 

8.0 

20  30 

0 

0 

0 

0 

0 

0 

0.0 

0.8 

22  30 

3 

2 

2 

2 

2 

2 

2.2 

4.7 

20  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

22  45 

2 

3 

2 

2 

2 

2 

2.2 

4.4 

21  00 

0 

0 

0 

0 

0 

0 

0.0 

0.7 

23  00 

2 

2 

2 

2 

2 

2 

2.0 

4.1 

21  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

23  15 

2 

2 

2 

2 

2 

2 

2.0 

8.4 

21   30 
21  45 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0.0 
0.0 

0.7 

Jan 

17, 

1944 

22  00 

0 

0 

0 

0 

0 

0 

0.0 

17  30 

0 

0 

0 

0 

0 

0 

0.0 

., 

22  15 

0 

0 

0 

0 

0 

0 

0.0 

6.9 

17  45 

0 

0 

0 

0 

0 

0 

0.0 

22  30 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

18  00 

0 

0 

0 

0 

0 

0 

0.0 

b 

22  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

18  15 

0 

0 

0 

0 

0 

0 

0.0 

1.6 

23  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

18  30 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

23  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

18  45 

0 

0 

0 

0 

0 

0 

0.0 

3.2 

23  30 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

19  GO 

0 

0 

0 

0 

0 

0 

0.0 

3.0 

23  45 

0 

0 

0 

0 

0 

0 

0.0 

._■?._ 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944- -continued 


Auroral  intensity  in  equivalent 

Auroral  intensity  in  equivalent 

Start 

photometer  values 

fbEs 

Start 

of 

interval 

photometei 

•  values 

of 
interval 

Minutes  i 

ifter  start  of  interval 

15 
min. 
mean 

Minutes 

ifter  start  of  interval 

15 
min. 
mean 

fbEs 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

h   m 

Jan  24-25, 

1944- 

-concluded 

h   m 

Feb 

19-20, 

1944 

--concluded 

00  00 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

22  45 

2 

2 

2 

3 

3 

3 

2.5 

4.8 

00  15 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

23  00 

3 

c 

c 

c 

c 

4 

3.5 

4.8 

00  30 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

23   15 

c 

3 

4 

4 

3 

3 

3.4 

9.4 

00  45 

0 

0 

0 

0 

0 

0 

0.0 

0.9 

23  30 

3 

3 

2 

3 

3 

3 

2.8 

5.3 

01  00 

0 

0 
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Table  2.    Zenith  auroral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-frequency 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944 --continued 
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00  00 

0 

0 

0 

0 

0 

0 
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0.9 

21 

15 

.. 

2 

2 

2 

2 

3 
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7.9 

00  15 

0 

0 

0 

0 

0 

0 
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21 

30 

3 

3 

3 

3 

4 

3 
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00  30 

0 

0 

0 

0 

0 

0 
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1.0 

21 

45 

3 

3 

3 

3 

3 

4 
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00  45 

0 

0 

c 

c 

c 

c 
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1.0 

22 

00 

4 

4 

3 

3 

3 

3 

3.3 

7.2 

01   00 

b 

b 

b 

b 

b 

b 

b 

1.0 

22 

15 

4 

4 

3 

3 

3 

3 

3.3 

7.2 

01   15 

b 

b 

b 

b 

b 

b 

b 

1.1 

22 

30 

3 

3 

4 

3 

3 

3 

3.2 

6.9 

01   30 

c 

c 

c 

0 

0 

0 

0.0 

1.9 

22 

45 

3 

4 

4 

4 

4 

4 

3.8 

6.6 

01   45 

0 

0 

0 

0 

0 

0 

0.0 

2.2 

23 

00 

4 

4 

4 

4 

4 

4 
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8.3 
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Table  2. 

Zenith  aurc 

>ral  intensity  in  equivalent  photometer  values  and  corresponding  values  of  upper-1 
limit  of  blanketing  type  sporadic  E  reflections  (f^Es)  in  megacycles  per  second, 
October,  1943,  to  March,  1944- -concluded 

requency 

Start 

Auroral  intensity  in  equivalent 
photometer  values 

fbEs 

Start 

of 

interval 

Auro 

ral  intensity  in  equivalent 
photometer  values 

fbEs 

of 
interval 

Minutes 

ifter  start  of  interval 

15 
min. 
mean 

Minutes  after  start  of  interval 

15 
min. 
mean 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

h    m 

Mar 

21-22 

1944- -concluded 

h 

m 

Mar 

22-23 

194' 

--concluded 

23   15 

4 

3 

4 

6s 

6s 

6 

4.8s 

8.4 

01 

00 

4 

4 

3 

3 

3 

3 

3.3 

5.2 

23  30 

6 

5 

5 

4 

4 

4 

4.7 

8.5 

01 

15 

4 

4 

4 

4 

4 

4 

4.0 

5.8 

23  45 

5 

4 

5s 

4 

5 

4 

4.5s 

8.2 

01 

30 

4 

4 

4 

4 

3 

3 

3.7 

5.5 

00  00 

5 

5 

4 

4 

4 

4 

4.3 

8.1 

01 

45 

3 

3 

3 

2 

2 

2 

2.5 

5.0 

00  15 

5 

5 

4 

5 

5 

5 

4.8 

8.3 

02 

00 

2 

2 

2 

2 

2 

2 

2.0 

4.8 

00  30 

5 

6s 

6s 

5 

3 

3 

4.7s 

9.2 

02 

15 

2 

2 

2 

2 

2 

2 

2.0 

3.8 

00  45 

4 

5 

7s 

6s 

7s 

9s 

6.3s 

10.6 

02 

30 

2 

0 

0 

0 

0 

0 

0.3 

3.5 

01   00 

6s 

5s 

0 

0 

0 

0 

1.8s 
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02 

45 

0 

0 

0 

0 

0 

0 

0.0 

3.3 
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0 

0 

0 

4 

6s 

10 

3.3s 

10.2 

03 

00 

0 

0 

0 

0 

0 

0.0 

2.1 
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8s 

7s 

9 

7 

7 

7 

7.5s 

11.5 

03 

15 

0 

0 

0 

0.0 

1.5 

01   45 

7 

6 

5 

6s 

5 

6 
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6.5 

02  00 

6 

7 

7 

7 

7 

6 

6.7 

7.6 

Mar 

27-28 

,   1944 

02  15 

6 

6 

6 

6 

6 

6 

6.0 

7.0 

23 

45 

2 

2 

2 

2 

2 

2 

2.0 

5.0 

02  30 

6 

6 

6 

6 

6 

6 

6.0 

7.2 

00 

00 

? 

2 

2 

2 

2 

0 

1.7 

4.0 

02  45 

5 

5 

5 

6 

6 

6 

5.5 

6.8 

00 

15 

0 

0 

0 

0 

0 

0 
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03  00 

6 

7 

5 

5 

6 

6 
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00 

30 

0 

0 

0 

c 

0 

c 
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6 

6 

6 
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00 
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b 

b 

b 

b 

b 

b 

b 
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b 
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b 

b 
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01 

15 

b 

b 

b 

b 

b 
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c 

c 

c 
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01 

45 
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5 

c 

c 
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c 
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0 

0 
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0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 
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23 

30 

5 

4 

6 

7 

5 

6 

5.5 

10.2 
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0 

0 

0 

0 

0 

0 
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23 

45 

7 

5 

4 

6 

6 

3 
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22  15 

0 

0 

0 

0 

0 

0 
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00 

00 
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10 

7 

7 

6 

4 

6.3 
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0 

0 

0 

0 

0 

0 
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5 

6 

9 

6 

6 
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0 

0 

0 

0.0 
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30 
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6 

6 

6 
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23  00 

0 
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0 

0 

0 
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45 
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